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PREFACE 


In the twentieth century there has occurred two related psycho- 
logical events of supreme importance On the one hand, the 
practice of the science of psychology for the first time vitally 
affected the social and economic life of the people. On the other 
hand, there is the attempt by psychologists to base their science 
solely on psychological prmciples This allows ordinary mortals 
to advance mto realms which were uncharted even for master- 
minds possessmg the highest scientific credentials — ^Aristotle, 
Descartes, Leibmz, Wundt 

Besides, a mixture of psychological, physiological, physical 
and metaphysical “principles” m a smgle book would certainly 
confuse the beginner In this book, then, it wiU be assumed that 
psychology is an mdependent science based on fundamental 
pnnciples which can be apphed m such widely different fields as 
education, mdustry and medicme There follows the corollary 
that whenever there is an appeal against a psychological finding 
the court must necessarily be psychological as, from the nature 
of the case there is not, and cannot be, an external court of 
appeal 

It IS now agreed that “experunental psychology” without 
theory is futile and that “general psychology” without experi- 
ment is sterile It is difficult to realise that Dalton, Davy, 
Faraday, Darwm and Joule received no training m experi- 
mental methods, and that even Clerk Maxwell, Stokes and 
Kelvm had no opportumty to do experimental work while at 
college ^ But revolutionary as the advance of physical science 
has been m the mneteenth century, it may well be echpsed by 
that of psychology m the twentieth 

Let Dean Seashore® speak of his own psychological laboratory 
at the State University of Iowa (In 1900) “I had no assistants. 

'■DM Turner, llmtory of Science Teaching m England, p. 122. Cf also 
Nature, January 28, 1928 

• History of Psychology •» Autobiography, edited by C Murohison, toI 1, 
pp 261 and 264 
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I was my own stenographer, my own mechanician, and my own 
bottle-washer”. (In 1930) “We are moving into new quarters 
which will furnish perhaps the most generous allowance of 
space and accessones for a department of psychology anywhere 
The various branches of apphed psychology such as clinical 
psychology, speech pathology, psychology of the child and 
child welfare, the psychology of art, and the psychology of 
music are assembled m one buildmg around the central unit 
There are about seventy-five rooms available for the graduate 
work in psychology, and some thirty-five additional for co- 
operating services ” 

The would-be specialist m psychology has usually taken 
Latm and French at school He will now find four ancillary 
subjects desirable philosophy, physiology, statistics and Ger- 
man. But as the doctrine that “Arts is Arts and Sci is Sci and 
never the twam shall meet” is not yet defunct, he may be 
fettered unless he is detennmed at any cost to follow a con- 
gruent and cultural course The unsophisticated who believes 
m the logical coherency of labels may be informed that at some 
seats of leammg he may specialise m psychology for the B A 
degree, at others for the B Sc , at some for either, and at others 
for neither’ But those who are acqusmted with recent changes 
m this and m other countnes are aware that, in frammg curri- 
cula, freedom without hcence is rapidly becoming an attainable 
ideal. 

Then there is the student of educational psychology. I once 
saw a report advocating the abohtion of psychology as a sub- 
ject for teachers m trauung on the ground that it is too dif&cult 
for their immature mmds’ Possibly so for a mmonty who un- 
fortunately seem to miss their vocation, but for the rest surely 
an essential study demanding sufficient (ime and space and 
trained instructors. 

Portions of this book will be familiar to those who attended 
my lectures at the Umversities of Missouri, Iowa, Minnesota, 
Michigan, Wisconsin and Pittsburgh in 1929 Many of the 
experiments can be taken with children as well as with adults 
and have been extensively used with graduate students takmg 
the Diploma m Education m their fourth year. Portions of the 
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book have been used m classes in the Faculty of Medicine in 
preparation for the Diploma in Psychological Medicine, also m 
various classes in mdustnal psychology. 

Topics which were considered too advanced for an intro- 
ductory course have been deliberately omitted. 

The book is based on a system which has exercised a 
paramount influence on psychological progress It is known 
as the Spearman school from the name of its founder, as the 
Noegenetic school from the nature of its principles, and as 
the Factor school from the results of its analyses Most of 
the expenments selected can be performed without expensive 
apparatus, and the simpler statistical methods of deahng 
with psychological data have been mcorporated so as to 
combine m one volume an introduction to both the theory 
and practice of psychology. 

I am indebted to Professor 6 M Whipple for permission to 
incorporate the directions for usmg the Cornell Form Board as 
given in his Manual of Mental and PhysuxA Tests (Messrs. 
Warwick and York, Baltimore) 

I am also indebted to Dean C E Seashore for permission to 
mcorporate his directions for using his Measures of Musical 
Talent as given m his Manual of Instructions and Interpretations 
for Measures of Musical Talent (Columbia Graphophone Com- 
pany, New York City). 

For smoothing many an uncouth sentence I am indebted to 
my wife — sometime holder of the Semor Prize m English 
Literature at Umversity College, London. 

In compihng the book I have been influenced by many 
authors, but for its plan and all imperfections I accept sole 
responsibihty. In conclusion I must record that I cannot 
adequately express my obligations to Professor Spearman, not 
only for his epoch-making contributions to psychology but also 
for that unique inspiration which remains the permanent pos- 
session of those who have served on his staff. 

LL. WYNN JONES 

UurVEKSITT OF LmDS 

September 1034 
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CHAPTER 1 


INTRODUCTORY 


When yon leave unconBcions matter, and come to deal with con 
sciona mmd8, a wholly new teohmqne has to bo adopted 

The late Right Hon The Eabl or Balfoub 
Jottrti of the Nat Inst of Indust Psychology 
vol 2, Xo 3, July 1924 

Ix every science it is very desirable but also very difficult to 
employ only terms expbcit m meamng Especially so in psych- 
ology, where the student has to study the processes of his own 
mind as well as of the minds of others. If, on the one hand, he 
attempts to discard psychological terms to any radical degree 
he will soon find himself in the qmcksands of loose thinking 
But on the other hand, his advance may also be efieotively 
checked by the bewildenng multiphcity of psychological terms, 
especially when he finds considerable disagreement amongst 
psychologists as to their meamng It is true that the psycholo- 
gist, hke other scientists, must com a new word if progress 
demands it, but the dangers of loose verbiage were realised at 
the time of Aristotle 

The followmg passage written two thousand years later well 
expresses it 

Although we think we govern our words, and prescribe it well 
hquendum ut vulgus serUiendum ut saptmtes', yet certain it is that 
words, as a Tartar’s bow, do shoot back upon the understandmg 
of the wisest, and mightily entangle and pervert the judgment 
So 18 it almost necessary, in all controversies and disputations, to 
imitate the wisdom of the mathematicians, in setting down in the 
very beginmng the defimtions of our words and terms, that others 
may know how we accept and understand them, and whether they 
concur with us or no For it cometh to pass, for want of this, that 
we are sure to end there where we ought to have begun, which is, 
in questions and difierences about words ^ 


‘ F Bacon, The Advancement of Learning, Book 2, 


11 . 
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Another obstacle is that many textbooks mclude a physio- 
logical account of the senses and of the nervous system, either 
m the mtroductory chapters or as an appendix Now, as 
McDougall has pointed out, all this appears to be of very 
secondary importance for the beginner Moreover, “our know- 
ledge of the functions of the nervous system is very rudimen- 
tary, and as regards many of those of greatest interest to psychol- 
ogy we are still entirely m the dark” ^ Equally emphatic is 
the weighty evidence of Lashley “Psychology is today a more 
fundamental science than neurophysiology By this I mean that 
the latter offers few prmciples from which we may predict or 
define the normal organisation of behaviour, whereas the study 
of psychological processes furmshes a mass of factual matenal to 
which the laws of nervous action in behaviour must conform ” * 

More confusing still is the mtermmglmg of physiological and 
psychological terms and theories which may leave the reader 
uncertain, if not bewildered, concernmg the bases of his science 
It IS true that some knowledge of physiology is essential for the 
psychologist, and obviously this could best be imparted by a 
physiologist, preferably by direct teaching or, faihng that, 
through the medium of one of the many excellent physiological 
textbooks On these grounds a presentation m simple psycho- 
logical terms may have distmct advantages, especially m the 
case of students whose time is limited 

Now it IS a strikmg fact that there are some fifty common 
and well-established verbs m English without which the 
language would be paralysed as a medium of thought I appre- 
hend, perceive, see, hear, taste, smell, touch, am hot, am cold, 
have pain, hunger, thirst, experience pressure, image, remem- 
ber, forget, feel pleasure (or impleasure), am excited, am 
tranquil, am tense, am relaxed, am angry, fear, am cunous, am 
disgusted, am bored, am tired, hope, wonder, like, love, hate, 
wdl, move, strive, control, repress, desire, expect, think, 
imagme, reason, judge, compare, discnmmate, mutate, sug- 
gest, sympathise with, believe, doubt . . 

^ W McDouf^all, Jn Ovilxne of Psychology, Preface, p xi, 1924 

* K S Lashley, “Basic Neural Mechanisms in Behaviour”, Psychol Rev 
vol 37, No 1, 1930, p 24 
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Suet words in tteir appropriate spatial and temporal settmgs 
provide the means by which we describe our experiences It 
would be rash to assume that all educated persons mterpret 
these words abke, for, as McDougall ^ pomts out, language re- 
mains an inadequate mstrument for describmg our experiences, 
m spite of all the efforts of literary men and of psychologists to 
render it more precise. But it will be assumed that the mean- 
ings of the above words are definite enough and umversal 
enough to enable them to be profitably used when elementary 
accounts of mental experiences are given It is needless to add 
that the use of some of the above words, as in the following 
phrases, does not here concern us I see your pomt of view I 
touch the frmge of the subject Your argument leaves me cold 
The news 'pains me 

Up to this pomt no basic prmciples for future guidance have 
been formulated, To prepare the ground for such formulation 
it 15 advisable to mquire what meanings should be attached 
to three words Experience, Intuition, Behef Each of these 
words has had a long history, but here is hardly the place to do 
more than indicate and accept the meanings given by Spear- 
man m his attempt to provide psychology with a sohd 
foundation 

Experience — The first word on the hst — I apprehend — 
deserves a special explanation on account of its importance 
One cannot apprehend without “experience” It is necessary, 
therefore, to inquire what “experience” is mtended to signify. 
It may mean knowledge derived from proof furnished by one’s 
own senses, or, it may mean something hved, undergone, en- 
joyed, or the like * What sort of knowledge is really furnished 
by one’s own senses is seen, however, on reflection to be open 
to serious doubt, and weighty reasons are given by Spearman 
why the second me anin g should be adopted, that is to say, 
"experience” is something hved, undergone, enjoyed, and the 
hke. 

Intuition — In common parlance this word is taken to 

* W McDougall, op cft f i 

• C Sj>ea,Tma,Ti,TheNaiurtof“InleUtgene€"andthePnne%piUsofCogwi\on, 
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apply to a kind of implicit apperception on grounds which can- 
not be analysed McDougaU^ gives this meaning his blessing 
“Some imnds, even of persons who have httle power of abstract 
thinkmg and little command of abstract terms, work m this 
way with marvellous subtlety, they are properly said to be 
gifted by mtuition. Some women possess it m very high degree, 
yoimg children, whose command of language is very shght, 
may exhibit it, and even m the higher animals, especially the 
dog, it 18 not altogether lacking ” On the other hand, Valentme 
did not find women to be superior m their mtuitive judgment 
of character quahties * 

It IS fortunately not necessary at this pomt to accept or to 
deny this widely held view For our present purpose “in- 
tuitive” has another meaning It is taken to mean knowledge 
that is self-evident and unmediated® And m this sense the 
three laws shortly to be enunciated show whereby belief is 
derived from mtuitive evidence 

Belief — The ancient meanmg of belief was essentially an 
acceptance of anything as true without adequate rational 
grounds. Sometimes it is taken to mean an acceptance on the 
ground of testimony or of reason Spearman, however, employs 
the word to denote quite generally the acceptance of anything 
as true, irrespective of the particular nature of the grounds for 
domg so Nevertheless the immediate scope of Spearman’s 
psychological pnnciples mcludes only such behefs as rest upon 
adequate evidence * 

We may now proceed to state and illustrate three qualitative 
pnnciples or ultimate psychological laws which have been 
formulated by Spearman 

FIRST principle: THE APPREHENSION OF EXPERIENCE 

Any hved expenence tends to evoke immediately a knowing 
of its direct attnbutes and its expenencer.* 

' W McDougall, op c»( p 391 

• C W Valentme, “TlioRclativoReliabihtyofMenandWoineninlntmtivo 
Judgments of Character”, Br%t Joum of Psychol vol 19, 1929 

• C Spearman, The Alnltt\es of Man, 1927, p 227, footnote 

• C Spearman, The Nature of Intdltgence, p 57 

‘ Jb%d p 48 
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Illustration — Let a tumng fork be sounded. The hearer 
immediately becomes aware of, or apprehends, certain attri- 
butes of the expencnce (1) It has a certam quahty, it is a tone 
and not a noise. (2) It has a certain mtensity which gradually 
diminishes (3) It has a dehmte spatial character so that the 
hearer has a more or less dehmte awareness of its location 
(4) It has a defimte temporal character, that is, it begins and 
ends at defimte times Moreover, the hearer may derive 
pleasure from the experience and wish it to continue. In addi- 
tion, the hearer possesses the idea of himself as being the 
expenencer 

SECOND PRINCIPLE- THE EDUCTION OF RELATIONS 

The presenting of any two or more characters tends to evoke 
immediately a knowing of relation between them ^ 
Illustration. — The sounding of two tuning forks of fre- 
quency C and G respectively tends to evoke a knowing of 
some relation between them, e.g “one is higher m pitch than 
the other”, or “I prefer the G sound”, or “the mterval is a 
fifth” and the like, accordmg to the attitude of the expenencer 
The verbal expression of the relation evoked will, of course, 
depend on vanous factors such as the language employed by 
the expenencer, his musical traimng and his introspective 
skill. 

THIRD PRINCIPLE THE EDUCTION OF CORRELATES 

The presenting of any character together with a relation 
tends to evoke immediately a knowing of the correlative 
character * 

Illustration — Let the character presented be the sound 
of the F fork and let the relation presented be that evoked 
from soundmg the C and G forks, then the correlative character 
which tends to be evoked is the fifth built on F as fundamental 
A simpler illustration m non-musical terms would be; 

Character presented arm, relation presented- leg — foot, 
correlative character evoked hand 

^ C Spearman, The Nature oj IrUdhgence, p 63. 

» Ibid, p »1. 

B 
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These three principles are couched in psychological terms and 
explanations of physiological order are not involved. Such 
mdeed is one criterion -which basic psychological prmciples 
should satisfy Moreover, explanations of physiological order 
are unknown m this connection, and are likely to remain so. 

These three principles also represent a necessary order 
of sequence. First the apprehension of experience, then the 
eduction of relations which precedes the eduction of corre- 
lates 

It IS obvious that m all teaching a consideration of this 
sequence is very important In fact, the systematic apphcation 
of these prmciples in the held of education is an urgent problem 
which has not even yet been sufficiently mvestigated 
Fmally, to psychology founded on such a basis “falls the 
exclusive nght and duty of setthng what respective mental 
operations actually occur when any person entertains a behef 
that IS either erroneous or its converse truthful, usmg these 
terms m the most ordinary sense ‘without prejudice' ” ^ 

In the experiments which follow, practice will be obtained 
(1) m givmg an exact account of expenences, i e an intro- 
spective report, (2) m the study of the nature and magmtude 
of the mental diSerences between mdividuals 
The Nature of Introspection — ^The attitude of a writer 
towards the method of introspection tells a good deal about his 
psychology. Wundt, the founder of experimental psychology, 
would not allow the testing m his laboratory of mdividuals who 
could not systematically scrutmise their mental processes, that 
is, introspect On the other hand, one of his first pupils, J 
McKeen Cattell,* wrote m 1904 “It seems to me that most of 
the research work that has been done by me or m my laboratory 
is nearly as mdependent of mtrospection as work in physics or 
in zoology’’. In 1911 C S Myers® wrote- “I want to protest as 
strongly as I can against the notion that any useful purpose 
can be served, so far as psychology is concerned, by coUectmg 

1 C Spearman, “The Origin of Error”, Jontm of Oeneral Psychol vol 1, 
No 1, 1928, p 31 

• J McKeen Cattell, Psyeholngy in America, p 32 
» C S Myers, “The Ihtfalla of ‘Mental Teste ’ Med ./oum .January 
28, 1911 
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masses of psychological data with the help of an army of un- 
trained observers ... To neglect introspection m psychological 
experiment is usually to court certam disaster ” 

In 1912 Wertheimer founded a school of Gestalt psychology ^ 
The leaders Wertheimer, Eofflca and Kohler protested agamst 
the analysis into elements hke sensations, images and feelmgs 
and substituted for them the concept of Gestalten or organised 
wholes They held that “mental content is not a mosaic of 
sobd unalterable thmgs”,* as would appear to be the case from 
the wntmgs of many of the earher psychologists. They also 
held that “much of current mtrospection seems to be rather 
stenie and, m an odd contrast to its ambitions, to lead research 
away from the more urgent problems” ® 

In 1913 Watson made a still more drastic break with ortho- 
dox psychology and founded behaviourism, and sought to 
abolish not only introspection but also consciousness as they 
were considered to be terms which could only hamper pro- 
gress Watson therefore confined his researches to the objective 
behaviour of men and animals This is the so-caUed “psych- 
ology of stimulus and response” Watson has carried out im- 
portant researches on problems of objective behaviour, but he 
soon found it necessary to include verbal report among his 
exphcit responses 

Kohler, while attackmg the extreme mtrospectionist’s search 
for a “pure sensory process” — ^a will-o’-the-wisp which is not 
hunted by the modem psychologist — ^nevertheless advocates 
introspection in the sense of a phenomenological description 
of consciousness. Cattell’s attitude may become clearer if it is 
remembered that for the last fifty years his major task has been 
the investigation of mdividual difierences — a science which 
was largely his own creation Long before behaviourism was 
known as a movement Cattell had consistently paid more re- 
gard to the objective responses of individuals than to the refine- 

The advanced student ehonld compare the views of this school with 
those of earher writers such as von Khrenfels, Husserl, Cornehus, and 
Meinong 

• K Kofika, “Introspection and the Method of Psychology”, Bni Joum. 
of Psychol voL 16. Part 2, October 1924, p 161 

• W. Kohler, Oestalt Psychology, 1029, p 19 
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meats of Wuadtian mtrospeotion. Moreover, an investigator 
with Cattell’a unnvalled experience would avoid pitfalls which 
would spell disaster to the average mvestigator who decided 
to throw mtrospection overboard. On the other hand Wundt, 
before the end of his academic career, gave his blessmg to ex- 
perimental pedagogy, and for certam expenences children can 
undoubtedly give reliable mtrospections, ^ more reliable per- 
haps m one respect than those of sophisticated adults, who are 
hable to get out of an experiment what has already been put m 
it as a preconceived theory 

CnticB of the method of introspection are fond of harping 
on one or more of the followmg arguments. (1) Introspection is 
always actually retrospection. (2) The act of mtrospection 
cannot fail to disturb the system under observation as it is a 
process \n this system (3) Introspection is impossible as the 
observer and the observed are one (4) The act of attention m 
mtrospection can only extend to the inner expenences of the 
mtrospectmg mdmdual and there can be no “science” of the 
individual In other words, mtrospection is too subjective, thus 
when a subject A reports “red” he may mean a different quahty 
from that expenenced by subject B who similarly reports 
“red” 

Weighty answers to these contentions have been summarised 
by Dawes Hicks.* It would be difficult to name a more com- 
petent authonty The upshot would seem to be (1) that if 
some of these arguments against mtrospection were pressed, 
they would prove equally fatal to external observation and 
consequently to science of any kmd, and (2) the difficulties of 
introspectmg have been exaggerated so that the contentions 
of the cntics hardly warrant the scrappmg of the method of 
mtrospection but rather its refinement It is, at least, usually 
possible to detect abnormalities such as colour bhndness In- 
trospection, then, although a dangerous weapon, would seem 
to be mdispensable. 

^ I employed peychophysical methods successfully with children aged five. 
Cf. Pddogog%»che-p«ych^og%«dte Arbaten, vol 2, Leiprig, 1911 

• G Dawes Hicks, “The Nature of Introspection”, Anttotdian Soe. Svppl, 
vol 7, 1927 
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THE NATURE AND MAGNITUDE OF MENTAL DIFFERENCES 

“The differences between one man and another are always 
(we shall find) a matter of ‘more or less’ — seldom, if ever, a 
question of presence or absence, of ‘all or none’. 

‘Virtuous and vicious ev’ry man must bo 
Few m tb’ extreme, but all m a degree ’ 


There are, in fact, no such things as mental types, there are 
only mental tendencies 

That this is true of a physical trait like height is obvious, 
and the following table gives the frequency-distributions of 
statures of a sample of adult males bom in Ireland as measure 
by the Anthropometnc Committee of the British Association 



If it be assumed that each mdividual may be measured 
the nearest quarter of an inch, then it is conventional 
include aU of heights 73 mches, 73'25 mches, 73 5 inches or 
73-76 inches m the compartment indicated by 73 m the first 
column of the table. From the second column it is seen they 
number 3. 


C. Burt, Presidential Address to the Psychol. Section, Bnt Auoc Report, 


S" S" 
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From the first two columns it will be seen that the 
number of adults whose height was 61 inches or over but less 
than 62 was 2 From the third column it will be seen that 
the number of adults whose height is leas than 66 inches is 
69 The most common height met is evidently between 67 and 
68 mches 



-3<r -2a- -la 0 la 2a Sr 
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The frequency-distribution may be represented graphically 
either as a histogram or as a frequency polygon To plot a histo- 
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gram draw a rectangle on each interval of height, and let the 
height of the rectangle be equal to the number of adults withm 
the interval To plot a frequency polygon erect an imagmary 
vertical line at the mid-pomt of each mterval and let its height 
be equal to the number of men withm the mterval. Place a dot 
at the end of each imagmary hne. The frequency polygon is 
formed by ]ouung these dots It is obvious that if the intervals, 
mstead of bemg an inch, were made smaller and smaller, and 
at the same time the frequencies be mcreased by takmg bigger 
samples, then both the histogram and the frequency polygon 
will approach more and more to a smooth curve which is called 
& frequency curve 

Fisher 1 pomts out that where the variation is continuous 
the frequency diagram should be in the form of a histogram 
refemng to the actual sample of observations, for one cannot 
assume the rcsultmg frequency polygon to be an approxima- 
tion to the continuous frequency curve correspondmg to an 
infinitely large hypothetical population 

It does not, of course, follow that a frequency-distribution 
when plotted as a frequency curve will yield a symmetncal 
curve, stiU less need it be that particular kmd of symmetncal 
curve which is known as the ‘normal probabtlUy curve Neverthe- 
less it has been found that the frequency-distributions not 
only for many physical traits like height but also for many 
mental traits like general mtelhgence do conform at least 
approximately to the normal probabihty curve The mathe- 
matically minded will recogmse that the equation of this curve 
may be written 

— 

y=y„e 2 ct * 

where y^ is the value of the ordmate which passes through the 
ongin 0, e being the base of Napierian loganthms, and a the 
standard deviation Such a curve has two pomts of inflexion, 
marked I m Fig. 3. In other words, the curve changes its 
shape from convex to concave at these points, and the hon- 
1 R.A Yabet, SkUt^ical Methodtjor BesearchWorkera, 1932, p 37,4thed. 



12 THEORY AND PRACTICE OF PSYCHOLOGY ch. 

zontal distance of these two points from the summit is an 
excellent mdication of the vanabihty of the measures. This 
distance is denoted by a and is known as the standard devia- 
tion. The method of calculating o- is given m Chapter 23. For 
such a curve the ordmate joining the ongm 0 to the summit 
measures the mean, median or mode, for it is evident that 
these three measures must comcide when the distnbution is 
normal Such a curve on either side contmually approaches 
the honzontal axis which is an asymptote. In other words, the 
curve will only meet the axis at infinity when a; = ± oo But in 
practice it is only necessary to consider that portion of the 
curve which hes between x = ±3o- 

It can be seen from the table that over 68 per cent of all 
the measures are mcluded m that portion of the curve which 
hes between x = ±<r, over 95 per cent between x = ±2a, and 
99-73 per cent between x = d 3<7-. 

The Nobhai. Probability Curve 
Altos eorrespondtng to untts of standard devtalton measured 
from the mean along the base-hne 



Thus, between the mean and a pomt x = l-5o- there lies 
43-32 per cent of the total area under the curve. 
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THE PROBABLE ERROR 

It IS now easy to calculate what is known as the probable error, 
although ui reality it is not an error, and if it were it would not 
be probable' It refers to the value of the deviation x which 
corresponds to an area of 25 per cent of the total area. By 
interpolation the value of x is approximately 0-6745o-. Thus in 
the normal probabihty curve the probable error is 
P E =0-6746o- 

By defimtion, then, a deviation of the magmtude of the PE. 
is as hkely to be exceeded as not, for if this distance is marked 
on either side of the mean, the corresponding area will include 
half of the total frequency It is an easy exercise to calculate 
from the above table that the probabihty of the occurrence of 
a deviation twice as large as the P E is 1 case m 5 6, and for 
one three times as large is 1 case m 23 5, approximately. 

It is clear that cases will often occur where a normal dis- 
tnbution would not be expected, e g • 

(1) The number of measures might be so few that an 
irregular curve would result to which no importance could be 
attached 

(2) The curve might be bimodal owing to the presence of 
two distmct classes in the group, thus the frequency-distribu- 
tion of the stature of a mixed group of men and women, or 
that for the marks when boys from “good” schools and boys 
from “poor ” schools sit the same competitive exammation A 
bimodal curve might also occur if two examiners of unequal 
seventy shared the work of markmg so that half the candi- 
dates were marked by one and half by the other. 

(3) In still other cases a skewed curve may result. 

(a) The skewness is positive when the longer tail of the 
distribution is m the direction of high scores (Fig 4) This 



Fio 4 Fio 5. 


occurs when a test is too difficult for the candidates, or the 
markmg has been too severe. 
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(b) The skewness is negative when the longer tail is in the 
direction of low scores (Fig 6) This occurs when a test is too 
easy or the marking too lement 




SJk^ 


Q1 + Q3-2Q, 
Q 


IS Yule’s measure of skewness, where Q, is 

the medium. (Cf. Chapter 23 for meanmgs 
of Qi, Q3 and Q ) 


3 (mean-median) 

= IS Pearson s measure of skewness. 


This IS more exact and its significance, for the case of n 
measures, is tested by comparmg it with its standard error 

(c.f Chapter 23) which 

SA = Pjo - i(P«o + 1*10) 1® Kelley’s measure of skewness based on 
percentiles (see below) Its significance is tested by comparmg 
P -P 

it with its standard error which is 0 59914 — — 

•\/» 



PERCENTILES 

It IS often useful to know, not the actual measure of an m- 
dividual, but his position with respect to his fellows Thus to 



revert to the stature of Irishmen, what is the stature of a 
particular Irishman when just 50 per cent of aU the Irishmen 
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measured are shorter than he isi The value of Pjo m the table 
below supplies the answer. In other words, the percentile rank 
of this Irishman is 50 and his height is 67 75 mches, to the 
nearest quarter-mch Of. Fig. 6 

10 per cent of 346= 34 6 P„= 66 + -H = 05 26 

20 „ „ = 69 0 P»=66+-^ = 66 26 

30 =103 6 Pjo=66 + ^=66 76 

40 =138 0 P„=67+-|i =67-26 

60 =172 6 Pjo=67-h^=67 76 

60 =207 0 P„=68-f ^=68 26 

70 „ „ =237 5 PTO=68-h^^=68 76 

24 

80 =276 0 P8o=69-f ^ = 69 50 

90 „ „ „ =310 6 P«=70-f^^=70 76 

The Range op Individual Dipperbnoes —Attempts have 
been made to ascertain the magnitude of the diSerences which 
may exist in a given trait between the highest and the lowest 
score which appear in the sample tested. Bearing m mind the 
properties of the normal curve which have been mentioned m 
this chapter, it is easy to see that the ratio of the best measure- 
ment to the poorest ^ will depend on the number of mdividuals 
which have been tested, and also on the way these mdividuals 
have been selected Thus the ratio would be greater for a large 
unselected sample of the general population than for a large 
sample of graduate students This would hold not only for 
psychological traits such as Intelligence Quotients but also 
for educational abilities like speed of writing 

Further, as Wechsler* has pomted out, this ratio is at the 

1 A more stable ratio is that of the 76th percentile to the 25th, cf Chapter 
23. 

* D Wechsler, “On the Range of Homan Capacities", Proc of 9<A Intern. 
Congress of PayduA 1930, p. 476 
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mercy of mequalities in the successive units of measurement 
as, for instance, when the successive problems in an anth- 
metical reasomng test are not of like difficulty Starch ^ found 
this ratio in a class of only 36 pupils m Grade 8 to be 3-7 for 
speed of reading, and less than 2 for speed of writing. The 
present wnter,* on testing twelve observers for light sensitivity, 
found that after a dark adaptation of 40 mmutes, this ratio 
was 25; that is, one observer was 26 times as sensitive as an- 
other, and it seems reasonable to suppose that with a larger 
number of subjects larger differences would be found If the 
magmtnde of this ratio were calculated for industrial tasks, 
there are reasons for believmg that high ratios would be com- 
paratively rare, m fact, the average * would probably be under 2 . 
Industry cannot afford a higher ratio Unfortunately, m the 
mexorable process of reducmg this ratio many employees fall 
by the wayside Probably many of these falls could have been 
avoided if vocational guidance had been given and accepted 
All honour then to those progressive firms which have insti- 
tuted systems of psychological gmdance so that an employee 
may be transferred from one department to another to the 
mutual gain of both himself and the firm. 

ILLUSTRATIVE EXAMPLES 

(1) What is the probabihty that an Irishman has a height 
between 72 and 73 inches* 

By consulting the table it is seen that 10 Inshmen out of 
346 are between 72 and 73 mches tall. Hence the probabihty 
is about 0-029, or 3 in 100 

(2) 200 candidates take an intelligence test Assuming 
normal distnbution, how many should receive the followmg 
grades A (exceUent), B (good), C (moderate), D (poor), E (very 
poor)* Assummg that the range of intelligence is the same in 
each grade, and remembering that the portion of the frequency 
curve which hes between x = ±3o- mcludes 99-73 per cent of the 

^ D Starch, Educational Psychciogy, 1920, p 36 

* LI Wynn Jones, “A Method of Measuring Nyotopsu”, BrU Joum. of 
Psychol April 1921, p 316 

•CL Hull, Aptitude Testing, 1928, p. 35. 



INTRODTJCTORY 


17 


cases, it is only necessary to divide the length 60 - into 5 portions 
each of length l-2a-. 

From the table it la seen that 49*86 per cent of the cases fall 
between the mean and So-, and that 46-41 per cent fall between 
the mean and l- 8 o-. Hence 3*46 per cent fall between So and 
l* 8 o Hence 7 candidates should receive the grade A By 
sunilar reasoning it can be seen that there should be 48 B’s, 
90 C’s, 48 D’s and 7 E’s. 


QUESTIONS 

1. Three problems were solved by 80 per cent, 70 per cent 
and 60 per cent of a large group. What is the relative 
difficulty of the problems, assuming them to be measures 
of a capacity which conforms to the normal curve? 

2 What meamngs may be given to the term “experience”? 
Give illustrations 

3 What meanings may be given to the term “intuition”? 

4 What meanings have been given to the term “behef ’? 
Give examples to illustrate each meanmg 

5 “What conscience dictates to be done, 

Or warns me not to do, 

This, teach me more than hell to shun, 

That, more than heaven pursue ” 

(Pope ) 

Do you consider that traimng m introspection tends to 
increase control over conduct? 

6 . Make a classification of mental differences (Cf refs, to 
C Burt at the end of the chapter ) 
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Matekials — A gramophone together with records of suitable 
speeches or recitations 

Instructions — E informs the class that the gramophone 
needle will be placed very gently on the record chosen and 
lifted again after two or three words have been spoken, and 
that each S has then to write down all that he hears, and that 
this process will be repeated, usmg a different part of the 
record each time, until at least ten tests have been given 
Before the experiment starts, prelmunary practice should be 
given on another record, say, two or three trials It is also ad- 
visable not to count the first trial on the record chosen, but to 
let it serve to make the Ss fanuliar with the quality of the 
speaker’s voice. 

Some check can be exercised on the words to be presented 
by fixing a graduated scale above the record in a plane parallel 
to it and passmg through a point above its centre The needle 
can then be placed opposite any desired pomt on the scale. It 
is important not to state what the title of the record is before- 
hand, and no particulars concerning it should be given A rough 
estimate of S’s performance m the test may be obtamed by 
awardmg a mark for each word correctly understood A more 
exact method may be formulated if desired 

It should be distmctly understood that no claim is here 
made that this test can be employed as a group test in the 
sense that marks may be awarded to each S to mdicate his 
efficiency, for without previous experimentation it cannot be 
ascertamed how much the efficiency is dependent on S’s exact 
position m the room. All that is now attempted is to use the 
test with a group with a view to discussing certam quahtative 
considerations. 
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DISCUSSION 

The foregoing method of uaing the gramophone was ex- 
plained to the present writer by Professor Spearman m 1914. 
The writer found at that tune that abihty m the test bears 
httle relation to auditory acuity as usually detenmned by 
measuring the distance at which a constant sound can just be 
heard (cf Chapter 13) The method actually employed, how- 
ever, m order to measure the auditory acuity of the subjects 
was to present sounds of varymg mtensity by the use of a tele- 
phone receiver and a variable resistance It must also be added 
that subjects whose hearing was abnormal were not included. 

The mterestmg question thus arises. On what factors does 
success in the test depend* As already mdicated, it is im- 
portant not to state the title of the record or to give the name 
of the speaker S would otherwise very probably gam higher 
marks m the test. The mere knowledge of the title may orien- 
tate S’s mind in a certain direction and act as a powerful clue 
to the meamng of the phrases given How much help may be 
obtamed from a clue is shown very clearly by the following 
illustration taken from a somewhat different experiment A 
selection called “La Chasse” was rendered on the gramophone 
to classes of graduate students in Leeds. They were then asked 
to give their impressions of the music In one class no informa- 
tion concemmg the music was given by E beforehand Not a 
smgle S m this class made any reference to a hunt But m 
another class the mere title — “La Chasse” — was given As a 
consequence most Ss noted the huntmg horn, the yelpmg of 
the hounds, the gallopmg of the horses, the losing of the 
scent, etc. 

It IS also obvious that the quality of the speaker’s voice, his 
accent, style and peculiarities, will appeal to some more than 
to others, so that a subject wiU gain a comparatively higher 
score in one record than m another. 

It should also be noted that the attitude of the subject in 
this test IS somewhat different from that of the listener to an 
ordinary speech. The latter concentrates on the meamng while 
the task of the former is to concentrate on sounds shorn of 

0 
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their context and, if possible, apprehend them as parts of 
sentences In addition, S’s knowledge of the contents of the 
speech or recitation, his previous acquamtance with the sub- 
ject matter and his command over the vocabulary used, will 
exercise an influence over his score But if we eliminate these 
factors by employing several records, an enormous difierence 
m score between individuals will still be found, some scoring 
three times as many marks as othera It becomes therefore an 
mterestmg study to try and account for this Some Ss appear 
to accept the suggestion given by a sbght clue much more 
readily than others, so that many curious responses are made; 
while others are much more cautious and only attempt an 
answer when they are reasonably sure of being correct. It may 
be that mental mertia or perseveration plays a part m this 
test (cf. Chapter 18) If a teacher asks a question to which the 
answer is known to all, it will yet be found that some get the 
drift of the question sooner than others who may be equally 
intelligent In any case, whatever factors are operative m the 
test described, it may well prove a good vocational test m the 
selection of telephone exchange operators 
Becords which were found suitable for the test were Com- 
mander Shackleton’s “Dash for the South Pole” and Mr. 
Asquith’s “Speech on the Budget” 

It IS very instructive and sometimes amusing to note the 
errors made, thus “of social reform” appeared as “October 
record”, “have told you before”, etc ; “raise the pnce of food” 
appeared as “rays of life’s book”; “ought to contribute to the 
na(tion)” appeal as “forced to continue to remam”. 

This experiment was placed early in the course, as it illus- 
trates two very important truths which should be kept m Tnind 
from the outset. Firstly, there is no sharp-cut distinction 
between sensory perception and abstract thinking In this ex- 
jienment a senes of auditory stimuli are presented to S and his 
task is to wnte down what they are. He has to listen and he 
has to think. In other words, although there is here a defimte 
sensory basis, the end result is not a mere sensory percep- 
tion but a more or less defimte apprehension of a complex 
expenence. 
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A trained S may perhaps venture to give some indication of 
how much more than bare perception is involved m this ex- 
periment If so, he will be guided by the number and com- 
plexity of the relations which have to be cognised. As Spearman 
pertinently asks: “Who would rank as no more than sensory 
perception the understandmg of Bach’s masterpieces, where 
contrapuntal relations have to be cognised as themselves 
havmg inter-relations, and these agam yet higher ones, in an 
unending pile upwards”? ^ Secondly, this experiment bnngs out 
the fact that the raw result of a psychological test may be con- 
ditioned by a plurality of causes, e.g general mental ability, 
scholastic abihty, auditory acuity, mental inertia, practice, 
age and position of S relative to the gramophone If it is 
desired to study the effect of one of these factors, then it is 
obviously necessary to exercise some control over the others 
Such questions require quantitative data and statistical 
analysis, and at a later stage of the course the treatment of 
simple cases will be illustrated by examples 

THE FORM OP PRESENTATION AND RECALL 

An investigation by Exley*is somewhat germane to the topic 
discussed in this chapter Matenals were presented to a group 
of secondary school boys of average age twelve years six 
months, using three different methods- the visual method, 
where the material was presented pictoriaUy at a cinema, the 
auditory method, when presented orally by an expert reader 
standing behind a screen; and the reading method, where the 
pupils studied hectographed sheets. With a view to study recall, 
the pupils wrote a composition on the morning following pre- 
sentation and also twelve months later. Although the highest 
mean mark in the early recalls was obtamed by the auditory 
method, with the visual method second and the reading method 
third, yet after a year the greatest permanence of recall was 
attached to the visual method, and least to the reading method. 

* C Spearmui, Tkt Natvrt of “InMligvtw” and the Pnncxplee of Cognxtwn, 
p 79 

• C. P Exley, “A Survey of the Learning Process with special reference to 
Perception", U.Ed Thesis, Umv. of Leeds, 1927. 
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In addition the pupila were given a test of intelligence devised 
by Professor Godfrey Thomson. If V, A, R and G denote the 
visual, auditory, re^mg and mteUigence scores, the correla- 
tions ^ between them for early recall and recall after twelve 
months were' 

Earlr ReciU Bocall after 1 2 months 


V and A 

0-31 

0-47 

V 

, R 

0-17 

-0-12 

A 

R 

0-54 

0-34 

V 

G 

0-09 

-0-11 

A , 

, G 

0 23 

-0-08 

R . 

. G 

0-44 

0-26 


(The probable error of the above coefficients is 0-08 ) Exley 
accounts for the correlation between the readmg method and 
intelligence bemg higher than that between the visual method 
and mteUigence as due to the comparative ease of description 
after seemg the vmd pictures of the film. 

Such mvestigations may obviously furmsh results of value 
to the teacher, but where the conditions of experimentation 
are so complex no one would attempt to draw general psycho- 
logical conclusions. 


QUESTIONS 

1. Tabulate all the factors which m your opinion may affect 
S’s performance m the gramophone experiment 

2. Show how you would arrange a prebmmary senes of teats 
m order to ascertam roughly how success in the experiment 
depends on (a) general mental abUity, (b) practice, (c) posi- 
tion of S relative to the gramophone. 

3 Can you suggest means by which the experiment could be 
standardised as an mdividual test^ 


Cf. Chapter 23 
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THE PERCEPTION OF VISUAL PATTERNS 

Materials. — Coloured patterns, forming a square big enough 
to be seen by the entire class With a small class the patterns 
may be formed by arranging colour cubes m a box These may 
be obtamed at small cost from the Embossmg Company, 
Albany, USA For the simpler patterns 16 colour cubes are 
used, but for the more complex 81 colour cubes are necessary. 
Although expressly made for children to enable them to build 
various patterns which are shown diagrammatically, they can 
also bo used for various psychological experiments Thus Kohs ^ 
has employed colour cubes for testmg mteUigenoe, that is, by 
devising a series of mdividual tests of the performance type 
A different method was employed by the present writer m 
framing what may be called Symmetry Tests In fact, for this 
purpose colour cubes may be dispensed with It is only neces- 
sary to make designs by pastmg coloured papers on ca^board 
These should be big enough to be seen by the entire class and 
a size of eight inches square may be recommended Each S 
should be provided with squared paper, the side of each square 
bemg at least a quarter of an inch 

Directions — “On the squared paper draw a square con- 
tainmg 16 small squares. Cut it off with a border for handhng 
and label it ‘1’. Cut two others off and label them ‘2’ and 
‘3’. Arrange the three sheets so that ‘1’ is on top, ‘2’ under- 
neath and ‘3’ at the bottom. I am going to show you a pattern 
for five seconds. Look at it carefully so that you may be able 
to make a plan of it on sheet ‘V immediately I take the 
pattern away. Put R for red, B for blue, W for white and Y 
for yellow in the appropriate places. You are allowed one 
minute for the reproduction. Then record the method you 
employed and the difficulties experienced. Then put ‘1’ at 

* S C Kohs, InteUtgerux Mearurement, 1923. 

26 
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the bottom, so that ‘2’ is uppennost. I am going to show you 
the same pattern again for five seconds. After looking at it 
carefnlly, proceed as before on sheet ‘2’, and mtrospect again. 
Then place ‘2’ at the bottom so that ‘3’ is at the top when the 
above procedure is repeated.” This experiment should be done 
with simple patterns as shown m Fig 7 and Fig. 8 and also 
with more complex patterns as m Fig 9. It is not intended that 
the attempts with the simple patterns should be studied quan- 
titatively, as some mature Ss succeed in reproducing the 
patterns after only one exposure. But an account should be 
given by each S of the method employed and the difficulties 




Fio. 9. Fig. 10. 


experienced In order to get quantitative estimates with 
mature Ss, it is suggested that the more complex patterns be 
used, with appropriate blanks so that the number of exposures 
necessary for a correct reproduction may be noted. 
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DISCUSSION 

A simple visual percept such as was obtained in these experi- 
ments, instead of furnishing a starting point from which to 
explain the laws of cogmtion, is somethmg very complex, 
which needs such laws for its own explanation ^ As m the last 
chapter it must again be emphasised that there is no profound 
gulf between sensory perception and abstract thinking; even 
in perception there is a contmual finding of relations and the 
transition from perception to thought is a gradual one “by 
buddmg upon the ongmal sensory basis further (mostly re- 
lational) knowing of greater complexity” » 

In a similar stram McDougaU writes, “to know, to recognise, 
to be aware of, or conscious of, any object is to conceive it, 
even when our knowing is a perceptual knowmg” ® But even 
if the transition from perceivmg to thinking is not well defined, 
the ancient distinction between “perceptual” and “mtel- 
lectual” operations may nevertheless prove serviceable. Thus 
Strasheim, who has recently appbed Spearman’s prmciples m 
a new method of mental testmg, found that the eduction of 
relations showed two stages First, a perceptual stage where the 
relations are actually educed, but remam in intimate contact 
with the ongmal fundaments, so that they will be effective in 
the future, only if the same or similar fundaments are 
supphed Secondly, a stage where the relations have been 
defimtely “abstracted”, have become concepts so that they 
are effective for umversal use, without the presence and help 
of perceived objects * 

Symmetry — In the foregoing experiments it is at once 
apparent how an apprehension of the symmetry of the figure 
helps S to form an accurate percept so that he is soon able 
to draw a plan of the figure This, of course, is done by 
apprehendmg the essential relations existmg between the ele- 
ments of the pattern. 

* C SfearmBBtTheNatureqf ‘‘InteUtgenee” artdthePnnciplescifCogmtum, 
p 47 

* Ihyl p 79 

* W McDou^all, An OuUtne of Psychology, p 254 

* J J Strasheim, A New Method of Menial Testing, 1926, p 141. 



28 THEOEY AND PRACTICE OF PSYCHOLOGY ch 

It IS a noteworthy fact that young children even before they 
attain their fifth birthday are able to build patterns as complex 
as that shown in Fig. 9 when the appropnate cubes are avail- 
able. One boy, aged four years nme months, mterested himself 
for long periods m this way and would at once detect the lack 
of symmetry if someone turned over a particular cube. 

■\^en it IS remembered how important a role is played, by 
vanous forms of what is rather loosely mcluded under the term 
symmetry, in poetry, m music, m art, m mathematics and m 
the natural sciences, it becomes an important task for the 
educator to trace the development of symmetry. Without ques- 
tion symmetry has not received m schools the attention which 
it deserves In a Report prepared by the Mathematical Associa- 
tion on The Teaching of Geometry in Schools some valuable 
references to symmetry wiU be found Thus the Report recom- 
mends that “Symmetry should have a larger place m teaching 
than has been usual. It is a conspicuous quahty of the thmgs 
around us and of many geometrical figures with which we deal ” 

The apprehension of symmetry with its accompanymg emo- 
tional excitement plays a large part even m the higher reaches 
of mathematical analysis Thus Graham Wallas related how 
one mathematician, who had suddenly found a solution to 
a problem, could only account for it by thinkmg that an 
aesthetic feeling w£is excited. 

It seems probable then that the study of symmetry wdl 
throw some light on the difficult question of special ability m 
mathematics 

In his study of “Psychological Tests of Mathematical 
Abihty” Fouracre^ found the above Symmetry test to give 
promising results, as it correlated positively with all the other 
twelve tests given, both for Elementary and Secondary school- 
boys Especially highly did it correlate with his geometrical 
tests. Using partial correlation coefficients (cf Chapter 23) the 
Symmetry test correlated with the pool of the geometrical tests- 
0-71 (probable error 0-107) for Secondary schoolboys 
0-80 ( „ „ 0-11) „ Elementary „ 

* L Fonrarre. M Ed Thosis, Uiuv of Leed«, 1925. Cf. also TAe Forum of 
Kducaiton, vol 4, No 3, November 1026. 
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The geometrical tests employed were tte Tbuistone Hand 
test, Thurstone Spatial Relations A, Thurstone Spatial Re- 
lations B, obtainable from the C H Stoeltmg Co , Chicago, 
and a Geometry test devised by Fouracre himself 

Non-symmetbical Patterns — ^In order to show how diffi- 
cult the task becomes when there is a marked lack of sym- 
metry in the pattern, the colour cube box containing mne 
cubes to the side was arranged so that the surface is all white 
except the seven red squares (represented as black m Fig. 10). 
This form of the test bears a similarity to the Spot Pattern 
test of McDougall ^ The great advantage of the test is that it 
can be varied at wdl and made of any required degree of diffi- 
culty It suffers from one drawback, however, since an m- 
genious student may be able to evolve a method by means of 
which it IS possible to reproduce the figure after only one ex- 
posure, unless this is short, say, under five seconds What is 
the method ^ 

An alternative task® for the study of visual perception is 
that of presenting an irregular hne consisting of some eight 
segments alternately straight and curved, each exposure last- 
mg ten seconds This task bears some relation to the activity 
of a child Icarmng to write A portion of a map or a piece of 
mechanism or even a letter of the alphabet may not be cor- 
rectly reproduced by a pupil because his perception of them 
has never been exact His teacher may think it a case of weak 
memory whereas it may be more accurately regarded as a case 
of failure to educe those relations which are the basis of exact 
perception 

The particular forms of the above experiments were chosen 
for vanous reasons 

(1) A test can be completed m a short time This would not 
be the case for such a complex task as leammg to wnte. 

(2) The method is genetic and hence offers the great advan- 
tage to the student of notmg any change in conscious experi- 
ence as a result of practice 

^ Cf O M Whipple, Manual of Metdal and Physxcal Te^, vol 1, p 290. 

’ Cf C H Judd and I) J Coaling, “Perceptual Leammg” Psychol Rev. 
Monograph Supplement, vol 8, F N Freeman, Rxpenmental Education, 
1916 p 20. 
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(3) Drawing abihty is practically elinnnated, for no S would 
lack the skill to draw the figure if it was correctly perceived. 
Thus drawing a figure in which the elements present no tech- 
nical difficulty IS an excellent means of testing the accuracy of 
the percept. Even m drawing, the perceptual element is now 
recognised to be more important than the motor element. Also 
m handwntmg the perception of form precedes reproduction 
and IS made more precise by the effort at reproduction ^ 

(4) The task has a defimte perceptual basis. 

(5) Fmally, although the tests lend themselves to quanti- 
tative measurement, they serve here as exercises m mtrospec- 
tion and illustrate the different methods and attitudes of the 
Ss towards the tasks Some tend to concentrate on the figure 
as a whole while others seem to concentrate more on a part at 
a time Some vary their methods more than others during 
learning Sometimes artificial associations or mnemomcs are 
employed m order to master the task. Some, at first, adopt a 
somewhat passive attitude in lookmg at the figure, e g one S 
observed “At the first exposure there was httle active explora- 
tion of the figure but a mere passive reception of a general im- 
pression On proceeding to draw the figure, the uselessness of 
this passive attitude became apparent ” 

Most, however, are actively employed in exploring the figure, 
m selectmg relevant items and in controlling the whole process 
of leammg Thus Woodworth* calls learning a reactive rather 
than a receptive process, and F C. Bartlett* makes “the effort 
after meamng” the mark of perceiving, and points out that an 
apparently arbitrary mixture of hues and curves most effect- 
ively resists the “effort after meaning’’, while anything sym- 
metncal is very quickly noticed. It was also found that sunple 
and famihar material tended to be perceived as a whole, but 
unfamiliar, disconnected or relatively detailed material was, 
as might be expected, perceived more analytically * He who 
runs may read the pedagogical coroUariesi There are also 

^ F N Freeman, ExpenmfntcU Education, p 26. 

• R S Woodworth, Dynamic Pcychology, p 107. 

* F C Bartlett, “An Experimental Study of Some Problema of Perceiving 
and Imagmg”, Bnt Joum of Psychol vol 8, No. 2, 1916, p 232. 

^ Ibid p 249. 
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differences with respect to imagery exhibited in the foregoing 
tests: some rely more than others on visual imagery and may 
be able to see the figure “m their mind’s eye” when it is no 
longer on view; others may rely more on kinaesthetic ^ imagery, 
and their learning may be assisted by movements of arms or 
fijigers, lips or glottis Some may use both visual and kinaes- 
thetic and some may use neither. Auditory imagery and verbal 
imagery may also be of help. By this is not meant that mdi- 
viduals may be divided mto visiles, audiles and motdes as was 
presumed by some to be the case. It is more correct to say that 
most people use all forms of imagery, but that certain kmds of 
imagery play a more promment part than others m the case of 
some individuals The subject of imagery is, however, one of 
the most difficult which psychologists have to contend with, 
and it 18 not therefore surpnsmg to fimd no unanimity as to 
the nature and function of imagery. Such a topic then should 
appear later on m the course, if it should appear at all. 

MECHANICAL AIDS IN EDUCATION 

Owmg to the advent of the gramophone, wireless and the 
cinema to the schools, new problems for teachers and psych- 
ologists have arisen. Visual and auditory stimuh can be pre- 
sented to pupils to a degree hitherto unattainable The educa- 
tional value of each mechamcal aid, m relation to each school 
subject, must be studied in detail. When, and to what extent, 
should gramophone records be employed in the study of 
modem languages? How helpful is the film m the study of 
history or geography? 

A most comprehensive mvestigation has recently been com- 
pleted by Dr Frances Consitt* on the value of films in history 
teaching The results showed that the film gives life to the past 
by portraymg life m movement, and by givmg a background 
with full detail; it arouses interest that stimulates the children 
to further mental effort; it stimulates imagination; it helps them 
to assimilate so that they gain both in grip and atmosphere; it 

* C S. Myers, Textbook of ExpenmetikU Psychology, Part 1, chap. 12. 

• F. Consitt, “The Valne of Films m History Teaching”, Ph.D. Thesis, 
Umv. of Leeds, 1930 Cf reference at end of chapter. 
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helps them to remember; it forces them to find their own words 
to express opimons and describe scenes, not merely to borrow 
those of the teacher or textbook; it presents a point of view to 
the children in addition to that of the teacher and the text- 
book, and finally it afFords pleasure. 

Beferences to some of the most important mvestigations on 
filmH appear at the end of the chapter. 

spearman’s quantitative principles 

The five fundamental quantitative laws of cognition formu- 
lated by Spearman may be illustrated by experiments such as 
those described m this chapter 

Law or Energy — The first quantitative principle is the 
Law of Limited Mental Energy or the Law of Ckinstant Output: 

Every mmd tends to keep its total simultaneous cognitive 
output constant in quantity, however varying m quahty ^ In 
other words, the “span of consciousness” is himtcd m extent 
A simple illustration is to expose a number of dots for a tenth 
of a second by means of a short exposure apparatus known as 
the tachistoscope If the number does not exceed seven, many 
adults are able to apprehend them as seven, but let there be 
eight or more and few would be able to vouch for the correct 
number, unless they can be grouped mto higher umts If, how- 
ever, they are arranged m groups of seven or less, it is still 
possible to apprehend up to seven of such groups Thus as 
many as forty-mne dots may be apprehended at one glance. 
The bearing of this principle in experiments such as those de- 
scribed in this chapter on the apprehension of coloured squares 
is obvious 

Law of Retenttvity. — The second quantitative principle 
IS the Law of Retentmty 

The occurrence of any cognitive event produces a tendency 
for it to occur afterwards.® 

Thus in the experiments with coloured patterns, reproduc- 
tion IS facihtated as the number of exposures is increased. 

‘ C. Spearman, The Nature of Juielltgence, 1923, p 131. 

• JM p 132 
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Speannan points out that this tendency to reoccur may 
manifest itself m two difEerent ways so that we should more 
properly talk of two laws of retentivity instead of one. The 
first is the — 

Law of BtsposUtons: Cogmtive events by occurring establish 
dispositions which facilitate their recurrence.^ 

A special case of the law of dispositions is the Law of Associa- 
tion: Cogmtive events by accompanjong each other establish 
dispositions to do so thereafter. 

The second law of retentmty is the — 

Law of Inertia: Cogmtive processes always both begm and 
cease more gradually than their (apparent) causes » (cf Chap- 
ter 18). 

The third quantitative principle is the — 

Law of Fatigue — The occurrence of any cogmtive event 
produces a tendency opposed to its occurrmg afterwards * 

At first glance this pnnciple appears contradictory to the 
prmciple of retentivity and its exposition is reserved for 
Chapter 19. 

The fourth quantitative pnnciple is the — 

Law of Conative Conteol — The mtensity of cognition 
can be controlled by conation.* 

Thus the subject’s success in reproducmg the coloured 
squares imdoubtedly depends on how well he “concentrates” 
on or "attends” to the task. 

Finally there is the fifth quantitative pnnciple or the — 
Law op Primordial Potencies — ^Every manifestation of 
these four pnnciples is superimposed upon certam primordial 
but vanable mdividual potencies such as those of age, sex, 
heredity and health.® 

Thus although the span of consciousness is constant for a 

' C Spearman, The Nature of IntdUgence, 1923, p 133 Cf. also C Spear- 
man, The Abtlittee of Man, chap 16, 1927 

• Ibtd. p 133, The AbtlUiee of Man, chap 17. 

' Ibid p 134, The AbilUies of Man, chap 18 

• C Spearman, The Nature of Intelligence, p. 13C, The Abilities of Man, 
chap 20 Cl. E. H Wild, “InSuenoes of Conation on Cogmtion”, Bnt. 
Joum. of Psychol, vol. 18, Nos 2 and 3, 1027-28 

• C Spearman, The Nature of Intelligence, p 130, The Abilities of Man, 
chaps 21 and 22. 
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given individual at a given time, yet on account of such pro- 
cesses as growth and decay the span for a youth of eighteen is 
greater than that of a child of eight or of the veteran of eighty. 
The researches of Thorndike and those of Miles have shown, 
however, that the deterioration due to age is much less than 
popularly supposed ^ 

Here, then, are eight principles — three quahtative and five 
quantitative — which must suffice for the study of cognition m 
general, and which particularly illumme processes of learning 
such as have been discussed in this chapter. 

QUESTIONS 

1. By what method did you reproduce Fig 1 ? Can you think 
of a more effective method^ 

2. Were you aided at all m these experiments by images* If 
so, in what way* 

3. From your expenence m this experiment frame instructions 
which are likely to increase the efficiency of S in reproducmg 
designs and drawings in general and not merely those of a 
specific nature. 

4. “Differences of quality, of colour, are of relatively small 
practical importance m visual perception; pattern pr^omin- 
ates vastly” (W McDougall, Outlines of Psychology, 1924, 
p. 233). Discuss this with reference to the use of black-and- 
white drawmgs, silhouettes and coloured pictures with 
children of vanous ages. 


Refebences 

1. C. Spearman, The Nature of “ Intelligence" and the Principles of 
Cognition, chap. 15. 

2 F N Freeman, ExpenmerUal Education, 1916, chap 2 

3 F C Bartlett, “An Experimental Study of Some Problems of 

* Cf E. L Thorndike, E O Bregman, J W Tilton and E Woodyard, 
Adult Lamiing, 1928, W. R. Miles, “Measures of Certain Human Abdities 
throughout the Life Span", Proc Nat Acad Set vol 17, 1931, C C Miles 
and W R Miles, “The Correlation of Intelligence Scores and Chronological 
Age from Early to Late Maturity”, Amer, Joum of Psychol vol. 44, 1932, 
W R Miles, “Abilities of Older Men”, Pergonnsf ./oum vol 11, 1933, W R 
Miles, “Age and Human Ability", Psychol. Rev vol. 40, 1933 
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Peroeivuig and Imaging”, Bnt. Joum. of Psychol, vol 8, Part 2, 
May 1916. 

The following references to inyestigations with Films may be recom- 
mended 

1. Vxssud Edwalvm,, ed by F N Freeman, 1924 

2. G. R^v^sz and J. F. Hazewinkel, “The Didactic Value of Lantern 
Shdes and Films”, Bnt Joum. of Psychol vol 16, 1924 

3 The Ctnema %n Edueatum, ed by Sir James Marchant, 1925, gives the 
results of S J F Philpott’s experiments at Umv Coll , London 

4 The Educational Screen, November 1928, October 1929. 

6 D C. Knowltonand J W Tdton.MoiionPtcturesinHistoryTeachxng, 
1930, oontains the results of experiments at New Haven. 

6 F Consitt, The Value of Films in History Teaching, 1931, being the 
Report of an Enquiry conducts under the Auspices of the Historical 
Association with the Aid of the Carnegie United Kingdom Trustees 



CHAPTER 4 


THE TACTUAL PERCEPTION OF FORMS 

Materuls. — Cornell Form-Board ^ Stop-watch. Large cloth or 
cardboard to cover the Form-Board and blocks Bhndfold for S. 

Method — The apparatus should not be seen by S until the 
testmg is completed Let S stand before a table of convement 
height with the form-board squarely m front of him. E should 
learn by heart the scheme of numbermg the blocks and their 
correspondmg holes The numbering runs from 1 to 10, be- 
ginning at the upper left-hand comer and proceeding from left 
to nght £ should then have the blocks arranged on the table 
to the right of S if he is nght-handed, so that they may be 
presented to S m the order 6, 8, 3, 1, 7, 9, 6, 2, 4, 10. When S 
has been blindfolded and led to the position m front of the 
board, instruct him thus “On the table before you there is a 
board m which are a senes of ten holes of different shapes. I 
shall hand you, one at a time, a senes of blocks of wood that 
just fit these ten boles Put each block in place as quickly as 
you can A new block will be placed for you just here (mdicatmg 
a pomt on the table just at the nght of the board) as soon as 
you have placed the one before it You must place each block 
properly before you pick up the next one Do you understand^ 
Ready' Gol”* 

At this signal E starts the watch and records the time taken 
to place all the blocks correctly. S is allowed to handle the 
block and exanune the board with his fingers in any way that 
he wishes Note the exact method used and record any pomts 
of mterest m S’s way of accomphshmg the task 

A qualitative record which shows what precisely S does 
with each block should be made m the followmg manner- as S 
attempts to place a given block, E records against the number 

* Obtainable from the C H Stoclting Co ,424 North 1TomanA\o , Cliicogo 

• Q M Whipple, Manual of Mental and Physical Tests, vol I, p 301 

30 
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of that block the numbers of the holes mto which S tnes to 
place it. If a block is correctly placed without any false moves, 
no number will appear, otherwise, the senes of numbers re- 
corded agamst a given number mdicates the full senes of tnals 
until the block has been correctly placed, e.g. 

6-9-3. 

Here S first tned to place block No. 5 m hole No. 9, then m 
hole No 3, then correctly m hole No 6, When the last block is 
correctly placed, cover the board carefully with the cloth, re- 
move S’s bhndfold and let him try to sketch the positions of the 
forms and their shapes Restore the bhndfold and repeat the test 
precisely as before. Make a third similar trial or contmue the 
test in this manner until S is able correctly to reproduce all the 
forms in their proper positions Note the number of trials made 
and plot a curve of tune taken m relation to number of trial 

In demonstrating this tost with the Cornell board to a large 
class, it IS advisable to choose an S who does not mmd being 
the cause of mirth, for as a rule, every member of the class is 
convmced m his own mind that he himself could do better 
The shapes used m the Cornell board are similar to those of 
the Goddard board, but as the shapes m the Cornell board fit 
mto a senes of removable blocks, their relative position m the 
tray may be changed at will.*- 

Should E desire it, a now arrangement of the holes inside the 
tray may be presented to S at each attempt, but usually the 
same arrangement of shapes is used throughout, so as to test 
S’s abihty to learn. It is obvious that m the latter case the 
reduction in time at each successive attempt will be more 
pronounced. 

DISCUSSION 

(The children) come to discriminate between small forms varying 
very slightly such as com, wheat, and nee They are very proud of 
seeing without eyes, holding out their hands and orymg, “Here are 
my oyee'” “I can see with my hands'” 

M Montesson, The Monteaaon Method, p 190 

In experiments with the form-board care must be taken in 
mterpreting the results. Before drawing any conclusions from 

* This improvomont was suggested to Professor Whipple by Mr D 
Kennedy- Fraser 
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the nature of the errors made by S, it is essential not only to 
note what errors are made, but also to secure S’s mtrospection, 
eff. 8 may rely on his memory of where a particular block is 
situated but actually attempt to place it m an adjoinmg posi- 
tion as, owing to his being blmdfolded, his sense of location is 
not very exact. Here, as always, so much depends on the 
directions given If S is merely told to place the blocks m 
position as qmckly as possible, he may think it profitable to 
attempt to put a block m a particular hole after only a partial 
exploration. If, however, he is told that errors, t e attempts to 
place a block m incorrect positions, are counted against him, 
then his attitude is appreciably altered 
Data secured by Whipple from a small number of advanced 
umversity students give for three successive tnals without 
sight of the board averages of 140, 120 and 69 seconds re- 
spectively. “When the attempt was made to sketch the board 
after each trial, it was found that no S could accomplish this 
after the first trial, whereas about one-half located the blocks 
correctly and sketched their forms with but trivial errors after 
the third trial Decided mdmdual differences are discovered 
in capacity to identify forms tactually It is possible for S to 
learn to place the blocks rapidly by touch and yet have ex- 
tremely erroneous ideas of their actual form.”^ 

THE FORM-BOARD VISUAL METHOD 
In the tactual method already described, perception of form 
18 a prime factor even with older children and adults, but in 
their case if they are allowed to see the board, performance m 
the test is then largely conditioned by speed and co-ordmation 
of movement. But for many children under ten years of age 
and for feeble-minded children the perceivmg of the forms is 
not facile even when they are not blmdfolded. For such cases 
the blocks are placed m a standard order at the right side of 
the board and a slight modification of the wordmg of the m- 
structions already given will enable B to employ the visual 
method. Norms for children of ages from five to fourteen years 
' G. M. Whipple, loe al p 31X1 
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are given by Miss F. Gaw in Report No. 31 of the Industrial 
Fatigue Research Board 

HISTORICAL DEVELOPMENT OP THE POEM-BOARD 

At the beginning of the last century Itard ^ employed card- 
board forms of various shapes and colours when attempting 
to educate the “Wild Boy of Aveyron”. Fifty years later an- 
other French physician, S^guin,* published an account of 
methods for training feeble-mmded children which mcluded 
the systematic use of form-boards. Early m the present century 
Montessori successfully used S^gum’s material m teaching 
normal children. About this time also, form-boards began to 
be used, not only for teaching purposes but also for testmg. 
Thus Norsworthy * m 1906, using the form-board with a group 
of mentally defective children, tested their form perception 
and rate of movement and their leammg capacity. 

PERFORMANCE TESTS 

During the last twenty years many other tests of a non- 
verbal type besides the form-board test have been employed 
for testing the “intelligence”. Such tests are now known as 
Performance Tests, and “mtelligence” is measured by the per- 
formance of some act and not by an oral or written response. 
But it follows as a corollary of the Two-Factor Theory* that no 
single performance test would furnish an accurate measure of 
general mental abihty A senes of different performance tests 
would be required. Just as different hnguistic tests are em- 
ployed in all the well-known scales of inteUigence, whether 
individual or group Accordingly Pmtner and Patterson de- 
vised a comprehensive Performance Scale. The uses of such a 
scale may be summarised as follows. 

(1) To test foreigners who speeik little if any of the language 
in which the test is given. Thus in Amenca they have been 

‘ J Itard, Dt Veducalum d’un homme aauvage, 1801 and 1807 

' £ S6guin, (1) Traitement moral, hygiene et education dcs idiota, 1846, 
(2) Idiocy and ito Treatment by the Physiological Method, 1866 

• N Norsworthy, “The Psychology of Mentally Deficient Children”, 
Archives oj Psychology, No. 1, 1906 

* Cf. Chapter 8 
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extensively used with the foreign-bom and with non-Engbah- 
speaking subjects. They are also of use with illiterate persons. 

(2) To test subjects with physical abnonnahties which 
handicap them m a hnguistic test, eg the blind, the deaf. 
Pintner and Patterson’s Performance Scale was specially de- 
signed to test the deaf By its use the deaf child was found to 
be retarded m comparison with the hearing child, although 
not to the same extent as was indicated when a hnguistic scale 
was employed Drever and Colhns, however, who have recently 
tested deaf and hearing children by means of performance 
tests, do not £nd a significant retardation. But they add, 
“Whether retardation will appear as our mvestigation pro- 
ceeds and our numbers accumulate remains to be seen’’.^ In 
comparing the results obtamed by different investigators with 
different groups of deaf subjects, it is important to get com- 
prehensive data, mcludmg the medical history, for each sub- 
ject in order to ascertain if the different groups are directly 
comparable 

(3) To test various classes of subjects who exhibit various 
degrees of abnormahties, or at least idiosyncrasies, which are 
more complex m character than blmdness or deafness, eg. 
the “verbalist” who is said to be an individual whose capacity 
to use language is much above his abihty m other respects, 
and it is well to ascertam if any such can be found. 

Similarly with the tongue-tied of whom the converse would 
be true Other cases are children presenting special scholastic or 
disciphnary problems; many different kmds of cases of aphasia 
where symbolic thinkmg and expression is affected; mental 
defectives and cases of border-hne mtelhgence, dehnquents and 
psychopaths of vanous types. 

(4) To test normal subjects Thus they may be used to supple- 
ment the result of a hnguistic test such as the Bmet Scale, e.g. a 
vocational counsellor is often matenally helped m his prognosis 
by their use. They may also be used with young children as a 
substitute for the Bmet Scale on account of their greater 
interest and independence of linguistic response 

At the same time the following passage by Sir Henry Head 

1 J Drever and M Colling, Performance Tests of IrUelixgence, 1928, p. 18. 
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might suggest that linguistic tests are superior in the long run 
to performance teats for assessing general mental abihty: “The 
power to make use of words was acquired at a late stage in the 
evolutionary history of man. Before he learnt to formulate his 
thoughts in speech, he was capable of a wide range of accurate 
discmmnation, which could express itself m action only Pro- 
gressive development of the higher cerebral centres led to 
increased discriminative powers, and speech, one of the highest 
and most recently acquired functions, was from the first con- 
cerned with expressmg relations.” ^ But the recent results ob- 
tained with non-verbal tests, described m Chapter 8, must be 
first considered 

Caution must also be exercised m view of the recent results 
obtamed by the National Institute of Industrial Psychology* 
which seem to indicate that in the case of the older children 
success m a performance test may depend largely on a specific 
or group factor which has not yet been sufficiently developed m 
the case of the younger children Thus the former practice of 
calculating a mental age based on performance may, m the case 
of older children, be open to criticism 

QUESTIONS 

1. Contrast the tactual method of using the form-board with 
the visual method when used — 

(a) with children under seven years of age; 

(b) with adult subjects. 

2 A girl, aged three, blmdfolded, is given the bncks and cubes 
of Froebel and is told to place the cubes to the right and the 
bncks to the left She succeeded m recogmsmg the objects 
before feeling their contours, accordmg to Montessori (cf. The 
Monlesson Method, p 189). Discuss this 

3. Give an mtrospective account of how you yourself recognise 
the forms which are used in the form-board test. 

4. Name vanous classes of persons for whose examination Per- 
formance Tests are necessary. 

‘ H Head, "Disorders of Symbolic Tbuking and Expreeaion”, /oum 

of Psychol vol 11, Part 2, p. 179 
• Report No 63 of the Indiutnal Fatigue Research Board. 
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6. What ifl the relation of spatial cognition to “g” (Spearman’s 
Greneral Factor)* How would you proceed to determine 
whether aU spatial cognition possesses a common group 
factor? (C. Spearman, The AbtlUtes of Man, pp. 176, 177, 
228). This question is intended for the more advanced 
student. 
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CHAPTER 6 


MEMORY 

A. RECALL AND RECOGNITION 

Materials — E decides on the kind of matenal to be used, 
whether simple nouns such as field, cloud, etc ; nonsense 
syllables such as tiv, gop, etc ; geometncal forms; pictures of 
common objects such as knife, horse, etc.; or proverbs. Proverbs 
are more suitable for adults than for children. A list of one 
hundred suitable proverbs is given by E M. Achilles in “Expen- 
mental Studies m Recall and Recogmtion”, Archives of Psychol 
No. 44, 1920 

More than one kind of matenal should be used. The form of 
the instructions will difier according as the test is a group or an 
individual one. The followmg arrangement is suggested for a 
group test with simple nouns 

E should prepare a list of 76 simple nouns such as cloud, field, 
etc , 26 of these should be printed in single column on Sheet A, 
another 25 in single colunm on Sheet B while on Sheet C should 
appear m two columns the remaining 25 mixed with the 26 
which appeared on Sheet B 

First Experiment RecaU 

Instructions — Each S is given a copy of Sheet A and is 
allowed 60 seconds to study the sheet with a view to reproducing 
on a piece of paper as many words as possible. At the end of 
60 seconds the sheet must be placed out of sight, and 30 seconds 
later, 8 writes down in any order as many of the 25 as he can 
remember 

Note . — In order to compare Ss as to their powers of complete 
recall, an individual test with this matenal could be arranged. 
After each presentation as above, S wntes down as many as he 
can remember of the 25 words This is repeated until S succeeds 
43 
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twice in succession in reproducing all the 26. The number of 
presentations is noted. 

Second Experiment Recognition 

Instructions — Each S is given a copy of Sheet B and is 
allowed 50 seconds to study the sheet. It is then placed out of 
sight, and 30 seconds later, each S looks at Sheet C and marks 
with a cross all the words which he recognises as havmg ap- 
peared on Sheet B. The score is the number right mmus the 
number wrong. 

B. REPRODUCTION OP UNIQUE EXPERIENCES AND REPRO- 
DUCTION AFTER REPETITION 
Reproduction of Unique Expenencea. First Experiment 
Materials — The Story of “The Two Shepherds” as given m 
the Manual of Directions for the Otis Group InteUigence Scale, 
together with a copy of the Otis Group InteUigence Scale 
Advanced Ezammation, Form B, published by the World Book 
Company, Yonkers-on-Hudson, New York 
Directions — The Story of “The Two Shepherds” should be 
read by E to the class accordmg to the instructions given m the 
Otis Manual. Then the thirty questions on the story which 
appear in the Advanced Exammation, Form B, should be 
answered by each S accordmg to the instructions given 

Second Experiment 

Materials — A copy of Ballard’s Silent Beadmg Test, as 
given m BaUard’s Mental Testa, p. 147, should be available for 
every S, together with the accompanying Completion Test 
Directions — Ss are aUowed three minutes to read the story 
and are informed that they will afterwards be tested to see how 
much they have remembered. At the end of the three mmutes 
the copies of the story are coUected and copies of the completion 
test are distributed, and S’s attempts to supply the missing 
words are marked according to the directions given in BaUard’s 
Mental Tests, p. 149. 
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Th%rd Experiment 

Matebials — Coloured pictures: “A Disputed Case” and 
“Australians”. These pictures may be obtamed from the C. H. 
Stoeltmg Co , 424 North Homan Avenue, Chicago, and the 
correspondmg Interrogatories may be found m Whipple’s 
Manual of Menial and Physical Teas, Yo\ 2, pp 27-29. 

Instbuctions — “I am going to show you a picture in order 
to test your memory Afterwards I shall want you to teU me 
what you have seen and I shall ask you questions about many 
little details ” The picture is expo^ for 20 seconds to the 
group but E does not specify the time of exposure. At the end 
of the twenty seconds the picture is removed and the S’s are 
directed as follows “Write down everything you saw, describe 
it so clearly that if I had never seen the picture I should know 
aU about what was on it” Proceed next with the mterrogatory. 
E asks the questions m the order given and S wntes his replies. 

When this test is used as an mdividual test with children, 
both the narrative and the repbes to the mterrogatory may be 
given orally by the child and recorded verbatun by E 

The results obtained with one picture may be compared with 
those obtamed with the other. 

Reproduction after Repetition First Experiment (Symbol-Digit 
Test) 

Materials — ^A copy of the Symbol-Digit Test as given in 
the National InteUigence Tests, Scale A, Form 1, together with 
its accompanymg Manual of Directions as supplied by the 
World Book Company, Yonkers-on-Hudson, New York. 

Directions — The test is earned out according to the 
directions given At the beginnmg Ss have to refer to the key 
at the top, but the qmcker they master the necessary associa- 
tions the sooner they will be able to dispense with the key and 
the sooner they are able to finish the task. 

Second Expenment (Modified Code Test)^ 

Materials. — The words on the sheet desenbed below should 
be copied by each S according to the directions given. 

^ 1 have thua modiiieil a famous Code Test so as to make it more suitable 
for use as a group test with children. 
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Dibbctions. — On one side of a sheet of paper the following 
words should be written by each S: 

ache fife badge 

deaf hide cafe 

beige ice dab 

On the other side the following words in eight rows: 


acid 

he 

fib 

cage 

chef 

big 

dag 

fid 

gib 

face 

bed 

hag 

head 

gibe 

cab 

if 

bah 

chief 

dice 

gad 

fed 

bag 

chaff 

hie 

bice 

ah 

high 

fade 

fag 

bid 

beg 

chid 


Ss then turn the paper over so that they are looking at the side 
containing only three rows 
E puts on the blackboard the following diagram. 


a 

d 

g 

b 

e 

h 

c 

f 1 

1 


Fio. 11. 

and explains the code, namely, that "a” is _ I, “b” is “|, etc , 
and that S guided by the diagram should wnte “ache fife 
badge” in code under the third bne The diagram is then 
rubbed off and Ss write “deaf hide cafe” m code underneath 
the last hne, and finally “beige ice dab” m code m the same 
way. Ss are warned not to draw the diagram When all have 
finished E gives the signals “Ready! Go” and Ss turn the sheet 
over and write as much as they can of the other eight hnes. 
This side of the sheet only is marked and the time allowed is 
three minutes. 

Thxrd Experiment (Vocabulary Test) 

Twenty cards are prepared, on each of which is prmted an 
English noun and its Hindustani equivalent, and of a sise big 
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enongh to ensure their being seen by the entire class. They are 
exposed consecutively at two seconds’ intervals. After the 
whole list has been exposed twice, the Bindustam words are 
shown m a prearranged order and Ss attempt to write down 
their English eqmvalents, and the attempts are collected. 
The same performance is repeated until one member of the 
group has almost succeeded m reproducing all. Sur^ employed 
the following list. 

BASKET TOKRI LIGHT 

HOUSE MEKAN DANCE 

TAILOR DURJI COLOUR 

CLOUD BADUL BOAT 

GLASS SHISHA HONEY 

WATER PANI CHAIR 

CHURCH GIRJA STICK 

LETTER KHUT BOOK 

BUSH JHARl MOUSE 

GOAT BUKRA RIVER 

More difficult is the following English- Arabic list: 

SHEPHERD GHANNAH WEATHER DINYA 

CLEVER SHATIR SYSTEM TARTIB 

TWENTY ISHRIN ENGINE WABUB 

PREFER FADDAL WASHING GHA8IL 

ASLEEP NAYIM CONTENT MABSUT 

ERRAND MISHWAR THREATEN HADDID 

COUNTRY BILAD CONSCIENCE ZIMMA 

MISTAKE GHALTA BANDAGE RUBAT 

COMPLAINT SHAKWA EMPLOY KHADDIM 

EXPLAIN FASSAB CONQUER GHALAB 

DISCUSSION 

In 1879 Ebbinghaus commenced what was probably the 
first experimental study of memory He it was who devised the 
methods of complete mastery and of savings (of. end of this 

* R K Snr, “An Expenmental Investigation of Memory of School Cluldren 
with special reference to Bergson’s Theory’’, M Ed Thesis, Umv of Leeds, 
1929 


ROSHNI 

NACH 

RUNG 

KISHTI 

SHEHUD 

KOOB8I 

DUNDA 

KITAB 

CHOOHA 

NUDI 
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chapter) He also invented the nonsense syllable technique 
which enabled him to get learning lists which were homogene- 
ous and which avoided associations already formed as far as 
possible. Thus zab, lem, gir, nught be smtable examples. 

Many hundreds of mvestigators have smce followed in his 
wake, probably a greater number than in any other single 
topic with the exception of that of “mtelhgence” Why such 
activity? There are probably two reasons. In the first place, 
memory appeared to have such vital connexion with the con- 
ditions of learning 

In the second place, it appeared fairly easy m the field of 
memory to exercise that experimental control so dear to the 
heart of the “brass instrument psychologist”. What is easier 
than to expose a definite number of nonsense syllables for a 
definite tune^ There are, however, a nu m ber of possible pit- 
falls, so that ngorous control must be exercised before valid 
conclusions can be drawn It must be emphasised that* 

(1) Difierent individuals vary widely in their methods of 
memorising and unless it is ascertamed what these may be, it 
IS not safe to draw general conclusions 

(2) The stage of practice of the subjects must be ascertained 
and allowed for, and it is essential that Ss should first undergo 
preliminary practice. 

(3) McDougall^ has pointed out that many mvestigators m 
the field of memory made their Ss form associations by frequent 
repetitions but then unfortunately mterpreted their results as 
holdmg true of memory m general 

(4) There is the pecuhar danger of neglecting the factor of 
“g” • and the complementary danger of regardmg memory as a 
faculty m spite of the fact that the doctrme of faculties is 
supposed now to be discarded. For ages memory held sway as 
one of the “big four”, perception, intellect and imagination 
being the other three. “Such faculties, although now having 
to be disposed by us from their unbroken reign m psychology, 
nevertheless still do possess and will retain no little subsidiary 
value. They provide at least a prehmmary sifting of a large 

‘ W. McDoagall, Body and Mind, chap 24. 

* Cf Chapter 8 
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quantity of facts. And they offer a convenient bridge for 
passing over from the scientific handling of the topic to the 
cruder notions m popular currency.” ^ 

There are such wide differences between individuals m their 
ability to memorise that it would be indeed surpnsmg if some 
such faculty had not been presumed. Nevertheless when John 
Smith complains that he has a poor memory, he is hable to be 
asked several pertment questions. La Rochefoucauld pointed 
out that “Everyone complains of the badness of his memory 
but nobody of his judgment”, but it is here assumed that John 
Smith’s complaint was not a gesture de haul en has that memory 
is the prerequisite of those less endowed with mtellect. 

The first question to John Smith might be with regard to his 
defimtion- Do you mclude under memory “the facts of habit, 
of physical growth, of physiological functioning, of instmct, of 
heredity” according to the teaching of Ewald Henng, Samuel 
Butler and Richard Semon* Semon refers to all such pheno- 
mena as mnemic, and Sir Percy Nunn has developed a theory 
of considerable educational importance which may be con- 
cisely expressed. Memory is conscious mneme just as conation 
IS conscious horme * But probably John Smith would not wish 
to treat the matter so comprehensively, and would be content 
to define memory in the words of the dictionary as “the power 
of retaining and reproducing mental or sensory unpressions”. 
Acceptmg this definition, the second question would be’ Is it 
poor for colours or sounds, for names or faces, for magazme 
articles or Latin vocabulary, for past occurrences or future 
engagements^ It may be poor m some respects but surely not 
in all* In the words of Spearman “When two kinds of memory 
resemble each other only in the bare fact of both involving 
retentivity, the correlation ansing from this cause is httle if 
at all above zero. In proportion as the likeness between them 
is augmented by resemblance of material — for instance, by 
both being sensory, or by both being verbal — the correlation 
becomes more and more marked.”® If John Smith does per- 

> C Spearman, The Nature of IraeUrgenee, p 241 

• T Percy Nunn. Eiucahon Its Data and Ftrtt Pnnciples, pp 19-22 

• C Spearman, The AbUittes cf Man, p 290. 
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form poorly m all the above indicated respects, it will become 
apparent m the sequel that what is senously called into ques- 
tion is not his retentivity but his “g” (cf. Chapter 8). Such 
considerations mdicate that memory is a complex term even if 
it is not taken in the wide sense of Henng, Butler or Semon. 
Even if it IS agreed to define it in the words of the dictionary 
its complexity still causes differences of opinion as to its 
nature, both m spite of and m consequence of the manifold 
researches made. Spearman has pomted out that when anythmg 
is remembered it is not altogether a case of bare retentmty, 
for there are two very active further operations involved: 
We form an awareness of our own experience as something 
passing m time, and we fill up the gaps which have been 
made m this awareness by the ravages of forgetfulness The 
first IS constructive, the second reconstructive, but both m- 
volve relations and correlates and it is not therefore surpnsmg 
that such a test as that of “logical memory” should correlate 
with “g”. 

Bare retentivity then is a much simpler concept than that of 
memory, yet it remams largely unknown and seldom appears 
m the index of a psychological textbook. 

LAW OF RETENTIVITY 

Spearman’s Law of Retentivity states that “Cognitive 
events by occuring establish dispositions which facihtate their 
recurrence” The Law of Association is regarded as a special 
case, that is, cogmtive events by accompanying each other 
establish dispositions to do so hereafter. 

Two fundamental problems at once come up for considera- 
tion, whether retentmty is related to “g” and whether reten- 
tivity is a umtary function 

RELATION RETWEEN RETENTIVITY AND “g” 

It is not here imphed that defimte views have been formulated 
but rather that statements are often made which would appear 
to assume a close and direct relation between retentmty and 
“mtelligence”, e.g. to define “intelligence” as the capacity to 
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leam, or to define it as the abihty to establish mental bonds, or 
yet agam to define it as the bram’s abihty to preserve traces or 
engrams of its experience 

Cunously enough, statements are also made which would lead 
the reader to assume that retentmty and “intelhgence” are 
antagonistic There is the observation of Aristotle that “persons 
who have good memones are apt to be slow of wit” and there 
is the statement by Rochefoucauld already quoted. 

When the matter was put to an experimental test it was seen 
that neither view can be adopted. The experimenter’s task is, 
however, comphcated by the fact that m general both eduction, 
that IS, “g” and reproduction, that is, retentmty, co-operate 
He has, therefore, to pick out instances where the process at 
work IS largely eductive and other instances where it is largely 
reproductive. 

McCrae’s Investigation — The Stanford Bmet tests were 
analysed and sorted accordmg as they seemed to mvolve more 
essentially eduction or reproduction.^ McCrae concluded that 
the criterion of the value of tests of general abihty is how much 
they demand the eduction of relations and correlates and not 
how much they demand of retentmty Retentmty as such 
would appear to be mdependent of “g”. 

DOES EETENTrVTTY POSSESS FUNCTIONAL UNITY? 

Turning now to the second fundamental problem, it can be 
stated at once that retentmty does not possess functional unity 
for in that case, there would exist a second umversal factor 
alongside of “g”. But such existence of two universal factors 
would be m contradiction with the tetrad difference criterion 
(see Chapter 23). It would also contradict common observation. 
But there may be, nevertheless, functional umty or a group 
factor, covenng a part of the field. In fact, until experiment 
proves the contrary, there may be several such group factors 
It wiU be convenient now to consider if there is any evidence 
m support of certam group factors which have been posited 

^ C R McCrae, Some Testing of Physically Defective and of Mentally 
Defective Children, Rep of Bnt Assoo 1926, p 362, and of C Spearman, The 
Abilities of Man, p. 276. A short sumuaiy u given on p 88 of this book 
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RECALL V. RECOGNITION (cf Expt. 1 and Expt. 2, p. 43) 

Does the person who recalls one material well also recall 
another material welD Does the person who recognises one 
matenal well also recognise another matenal well^ Does the 
person who recalls one matenal well also recognise that matenal 
well* The answer m each case, according to Achilles, ^ is “Not 
necessarily”. There was no evidence of a group factor of recall 
or a group factor of recogmtion 

Ang Lanfen Lee* later employed a similar technique to 
Achilles, namely, to test the retention of four lands of matenal, 
pictures of famihar objects, simple nouns, geometncal forms 
and nonsense syllables by the method of recall and also by the 
method of recognition The correlations between the vanous 
recall tests were on the whole fairly high Also those between 
the recognition teats But the correlations between recall and 
recogmtion were very low. Both Achilles and Lee, however, 
seem to have neglected to test the “g” of their subjects 

REPRODUCTION OP UNIQUE EXPERIENCES AND REPRO- 
DUCTION AFTER REPETITION 

Another attempted division of memory is that sponsored by 
Bergson. The object in choosmg the expenments which are 
described on pp. 44-47 was to give an opportumty to discuss the 
original theory of Bergson who holds that there are two forms 
of memory “The memory of the lesson, which is remembered 
in the sense of learnt by heart, has all the marks of a habit. 
Like a habit it is acquired by the repetition of the same effort ” 
“The memory of each several readmg on the contrary . . has 
none of the marks of a habit . . It is hke an event in my life ” ® 
The past then survives under two distmct forms first in motor 
mechanisms (habit), secondly in independent recollections (pure 
memory). The second then, according to Bergson, is memory 
par excellence, while the first is habit mterpreted by memory 
rather than memory itself. 

* E M Achilles, op cU Archives of Psychology, No 44, 1920 

’ A L. Lee, “An Expomnental Study of Retention and its Relation to 
Intelligenoe”, Psychol Mon vol 34, 1926. 

• H. Bergson, ifotter and Memory, Engl, trane p 89 
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Such a theory is not easy to test, for Bergson’s two factors, 
“habit” and “pure memory”, may both be m operation m a 
given test But it occurred to Dr. May Smith and Professor 
McDougall^ experimentally to brmg about expenences which 
approximate to one rather than to the other and thus to put 
Bergson’s hypothesis to a test 
“If all memory is of the habit type, then all tests which 
involve to any extent retention ought to correlate with those m 
which motor habit plays an obvious part, or at least they should 
correlate as highly with such as with others. If on the other hand 
Professor Bergson’s distmction is fundamental, then we should 
expect the tests concerned with retention to fall mto two 
groups, those of the habit type should correlate together and 
those predominantly mvolvmg pure memory should correlate 
together; but success m the one group would not necessarily 
carry along with it success m the other, eg we might find that 
people markedly good at tasks of the one type are weak at those 
of the other The testa chosen were mtended to illustrate both 
modes of retention, i.e reproduction of umque expenences and 
reproduction after repetition ” * 

Evidence was adduced by these two investigators in support 
of Bergson’s distmction between habit and memory. Two of 
their tests, the learmng of nonsense syllables and the fixing of 
the movements of the typewriter contamed all the character- 
istics of habit formation. Two others, the Blots Test and the 
Picture Test approximated to “pure memory”, but it should be 
noted that the Blots Test was a test of recogmtion while the 
Picture Test was a test of recall The subjects were forty -one 
women students and each subject was tested mdividually. 

When it IS considered that Bergson’s theory, if substantiated, 
would have such mtimate bearmg on educational methods, it is 
seen how desirable it is to carry out further work on the hnes 
initiated by these two mvestigators. 

To this end Sur® recently earned out an investigation with 
Standard VI. boys and girls m Leeds, usmg four group tests 
^ M Smith and W McDougall, “Some Erpenmentam Learning and Beten- 
tion”, Bnt Joitm oj Psychol vol. 10, Parta 2 and 3, 1020. 

> M. Smith emd W. MhDoogall, op. ct<. 

• B. K Sur, toe. cti. 

B 
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which were labelled provisionally “Pure Memory Tests” and 
four hkewise “Habit Memory Tests”. The “Pure Memory 
Tests” were; (1) Substance Memory for Prose Passages, tested 
by number of ideas reproduced ^ (2) Memory for Stones, tested 
by a questionnaire. (3) Memory for Coloured Pictures (4) 
Memory for Words, usmg thurty monosyllabic nouns, each noun 
being exposed once for one second. The “Habit Memory Testa” 
were (1 ) Memory for Words, as m the last test, but the children 
were now also tested after four and after seven presentations 
(2) English-Hindustam Vocabulary Test Twenty pairs of nouns 
were presented, one pair at a time, then the Hmdustam words 
were presented m a prearranged order and the children were 
asked to give the English eqmvalents and were tested after one, 
four and seven presentations The average of the results after 
four and after seven presentations was taken as the score (3) 
Symbol-Digit Substitution Test. (4) Modified Code Test In 
addition the children were tested by the Tomhnson “West 
Eidmg” Tests of Mental Abihty 
It was found that every one of the eight memory tests 
correlated appreciably with mental abihty, but there was no 
evidence that tests taken from the so-called “pure memory 
group” correlated higher with mental ability than those taken 
from the so-called “habit group”. Moreover, the results did not 
support Bergson’s view that “pure” and “habit” memories can 
be contrasted as mvolving two different mental processes This 
was evident from the table of mter-correlations and also from 
the table of partial correlations after ehmmating the factor of 
mental abihty Consequently teachers who base their practice 
on Bergson’s theory when dealmg with memorisation are 
building on insecure foundations 

METHODS FOR TESTING MEMORY 
(1) Method of Complete Mastery — This was devised by 
Ebbinghaus (cf. H Ebbinghaus, Memory (1885), translated 
by H. A. Ruger and C E. Bussenius m 1913). The senes is 
repeated until S can repeat it without error. The score is the 
number of repetitions required. 

' Of M E. Biokerateth, “Mental Teste to Children of Vanons Ages”, BrU. 
Joum of Psychol vol. 9, Part 1, 1917, p 33. 
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(2) Saving Method — varying interval is allowed to 
elapse after the series has been learnt by the method of com- 
plete mastery. The number of repetitions to relearn is noted 
and compared with the ongmal number. This was also devised 
by Ebbinghaus 

(3) Mkmoby Span Method. — This was devised by Jacobs 
(Mind, 1887) It was further developed by Ebert and Meumann 
(Archiv f. d. gesamte Psyohol. 1906). A senes of gradually 
increasmg length is presented and the score is the maximal 
length which can be reproduced. 

(4) Method of Retahjed Membebs — So named by Eb- 
bmghaus, this was developed by Pohlmann It consists m 
allowing S a given number of repetitions so that the senes is 
incompletely learnt. The score is the number of items correctly 
reproduced (cf A. Pohlmann, Exp&nm. Bettrdge zur Lehre vom 
Gedachtniss, 1906, also ZeOsch.f Psychol 44, 1907, 134-140) 

(5) The Method of Right Associates — A senes of pairs 
18 presented, the first umt of each pair bemg accented The 
score is the percentage of correct responses when only the first 
umt of a pair is agam presented. The time of response is some- 
times also measured The method was devised by Jost and 
developed by Muller and Pilzecker (cf A Jost, Zeiisck. f 
Psychol. 14, 1897, 436-472, G. E. MuUer and A Pilzecker, 
ZeUsch f Psychol Erganzungsband, 1900). 

(6) The Method of Pbompttng — This was devised by 
Ephrussi (cf. ZeUsch f Psychol , 1904, 37). S is allowed a given 
number of repetitions so that the senes is mcompletely learnt 
The score is the number of times S must be prompted m order 
to be able to reproduce the senes. 

(7) The Reconstbuction Method. — ^After the series has 
been presented m a defimte order, S views the senes agam m a 
chance order and attempts to arrange them m the ongmal 
order. The score is the number and size of the mistakes (cf. 
H. Munsterberg and J. Bigham, Psychol. Rev. vol. 1, 1904; 
E Gamble, Psychol. Mon. No. 43, 1909). 

(8) The Method of Recognition. — ^A hmited number of 
items 18 presented. They are then presented agam in conjunc- 
tion with other items The score is the percentage of correct 
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recognitions. The method was used by J. M. Baldwin and W. J. 
Shaw at Toronto m 1896 (cf J. M. Baldwm, The M%nd, 
p. 160), by W. 6. Snuth {Bnt Joum of Psychol vol, 1, 1906) 
and by V. Henn (L' Annie psychol. 8, 1901) 

(9) Method of Report (Aussage). — The material is usually 
a picture which is presented for a defimte time and S gives 
either (1) a free account of narrative or (2) rephes to a senes 
of questions, or may give (1) followed by (2) He may also bo 
asked to underline those portions for whose correctness he 
would be wilhng to attest If P is the possible number of items 
to be reported and c{r) the number of items rightly reported 
and underlmed, then, if c(r) =P, he would be an ideal witness. 
A full account of the method is given m G. M. Whipple’s 
Manual of Mental and Physical Tests, vol 2, pp 17-42 

QUESTIONS 

1 "Memtnt etiain quae nolo; oblimsct non possum quae volo" 
— I rememberthe very thmgsl do not wish to, I cannot forget 
the thmgs I wish to forget — (Cicero, De Fintbus) “The 
forgettmg of impressions and eicpenences shews the working 
of the tendency to ward off from memory that which 
IS unpleasant” (Freud, Introductory Lectures on Psycho- 
Analysis) Does your ezpenence agree with Cicero’s or with 
Freud’s or with neither? (cf a paper by C. Fox, and an- 
other by A. Wohlgemuth mJ5nf. /o«rn of Psychol vol 13, 
Part 4, April 1923 and one by H. Cason, Arch of Psychol. 
No. 134, 1932). 

2. The name of a person, whose appearance can be recalled, 
has been forgotten Sometimes it can be remembered by 
simply going through the alphabet. Why is this? 

3 Pomt out the advantages and disadvantages of usmg 
nonsense syllables m expenments on memory. 

4. Test the ffdelity of report of a group of subjects and analyse 
qualitatively the errors which they make. 

6. Compare a subject’s fidehty of report when detenmned 
(a) by the narrative method, and (6) by the questionnaire 
method 
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CHAPTER 6 


IMAGERY 

SECTION 1: SENSORY AFTER-IMAGES 
Apparatus. — Red, blue and black papers, one inch square, 
preferably of standard Henng colours, with a white thread 
gummed to each underneath a corner A large sheet of standard 
white paper. 

For ordmary class work the testa may be taken m broad day- 
hght so long as the papers and Ss’ eyes are shielded from direct 
sunhght. For more exact work the tests should be taken in the 
dark room, usmg a standard lamp, invisible to S, which illu- 
mmates the colours from a fixed distance 
DiEEcnoNS — S fixates for 15 seconds the centre of the small 
square which is placed at the centre of the large sheet E then 
jerks the small square away by means of the attached strmg, 
but 8 contmues to fixate the place where the small square was 
held. 8 says “Come” when the first after-image appears, and 
“Gone” when it disappears 8 says “Come” when the second 
after-unage appears and “Gone” when it goes, and so on until 
no further changes occur. E, usmg the stop-watch, notes the 
times of these responses 8 also describes the appearance of 
the images and the changes which occur. 

It IS recommended that these tests be taken with children. 
Note particularly those children who have after-images of 
long duration and which tend to be continuous rather than to 
vamsh periodically and reappear Note also if any have after- 
images m the original colour and not m the complementary 
colour. Both accordmg to E. R. Jaensch are symptoms of an 
eidetic faculty.^ 

SECTION 2 (a): SPONTANEOUS MEMORY IMAGES 
Directions. — Each 8 is given a card and at a signal turns it 

^ E R. Jaensch, Etdetu; Imagery, 1030, pp. 6-7. 
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over and reads the question and solves it “mentally” without 
wntmg or tracmg or usmg the card or any other object as an 
aid. S then gives an exact account of the method employed 
to arrive at the answer. The following questions are recom- 
mended, each appearing on a separate card: 

(1) My house faces the street. If a boy passes my house in 
the mommg, waUang toward the rising sun, with my house at 
his nght, which direction does my house face? 

(2) Think of a triangle. From the centre draw a hne to any 
of the comers Also draw hnes from the centre to the nuddle of 
each of the three sides. Into how many parts is the tnangle 
now divided* How many of the parts are tnangles* 

(3) Think of a square standing vertically. Draw a horizontal 
Ime right across it dividmg it mto two equal parts From the 
nuddle of the top side of the square draw Imes to the bottom 
comers of the square. Into how many figures is the square now 
divided* What is the shape of the figures* 

(4) Think of a square From the nuddle of the top line draw 
Imes to the lower comers From the middle of the bottom hne 
draw hues to the upper comers Into how many parts is the 
square now divided? 

SECTION 2 (b): voluntary memory images 

Bead through the following list and select five which you 
think you can image as clear as any m the hst Give them a 
value of 6 and record this opposite their respective numbers 
Then read the list again and score the clearness of the volun- 
tarily aroused image m each case Thus the value 6 would mean 
that the image was as clear as the standard. Then the values 
6, 4, 3, 2, 1 would somewhat correspond to the "very good”, 
“good”, “moderate”, “poor”, “very poor” of ordinary mark- 
ing, whilst the value 0 should be recorded when you fail to get 
an image.^ 

^ Tbsisaiuodifioationof Onffitta’amethod Cf C H Onffitto, “IndiTidual 
Differences in Imagery”, Paychol Mon vol 37, 1927, p. 8 
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Vtsval Image of— 

(1) the front door of your 
house 

(2) a shilling 

(3) a motor bus 

(4) a tooth brush 

(5) a watch 

Olfactory Image of— 

(11) coffee 

(12) tobacco 

(13) fresh pamt 

(14) cheese 

(16) freshly cut grass 

Tactual Image of— 

(21) smooth glass 

(22) sand paper 

(23) velvet 

(24) canvas 

(25) wool 

Thermal {cold) Image of— 

(31) ice in the hand 

(32) cold wind 

(33) cold shower bath 

(34) steppmg barefooted on 
cold bnoleum 

(35) ice cream m the mouth 

Algesic Image of— 

(41) the pnck of a pm 

(42) a bum 

(43) pam m a tooth 

(44) sore throat 

(45) headache 


Auditory Image of— 

(6) the horn of a motor car 

(7) a crying child 

(8) thunder 

(9) a violin 

(10) the bark of a dog 

Gustatory Image of— 

(16) chocolates 

(17) an orange 

(18) vinegar 

(19) salt 

(20) sugar 

Kinaesthetic Image of— 

(26) climbmg stairs 

(27) rowmg 

(28) shakmg hands 

(29) swimmmg m surf 

(30) throwmg a ball 

Thermal (hot) Image of— 

(36) a hot bath 

(37) hot potato m mouth 

(38) heat from a fire 

(39) heat from a dish held m 
the hand 

(40) heat from the sun’s rays 

Complex Image of— 

(46) thirst 

(47) hunger 

(48) remammg under water 

(49) sensations after a long 
day’s walk 

(60) well bemg (above par) 
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The old method of scormg was to compare the clearness of each 
image with the clearness of perception. Here the method of 
Gnffitts has been adapted for two reasons. Students frequently 
find it difl&cult to compare an image with a percept when the 
object IB not there to be perceived, and some students overrate 
the clearness of all their images ^ 

Which kmd of voluntary imagery ranks highest m clearness* 
Compare the voluntary imagery of men and women 
Calculate the correlation between the clearness of visual and 
of auditory imagery, also that between the clearness of visual 
and kinaesthetic imagery 

SECTION 3: EIDETIC IMAGERY 

Apparatus — The Munchener Bilderbogen “Was alles am 
Morgen geschieht”, published by Braim und Schneider, Munich 
One of these pictures, about the size of a postcard, to be presented 
at a time 

Several other types of pictures about the same size which 
would appeal to children and which must have meanmg as a 
whole should be available 

A homogeneous dark gray background corresponding to 50° 
white and 310° cloth-black on the colour disc * 

Directions — This test should be taken with children. One of 
the pictures is placed on the background at normal readmg 
distance Without fixatmg a particular spot, S looks at the 
picture as a whole for 16 seconds so as to get the general 
meanmg He then reports what he sees on the background after 
the picture has been removed 

Before undertakmg this test it is advisable for the child to 
take one of the tests of Section 1 m order that he may reahse 
that something is seen on the white background after the square 
has been removed although there is no object actually present. 
He will then be better able to answer whether he sees anything 
in the present test after the picture has been removed. E should 
endeavour to get the child to give an exact account of what he 


C. H. Qnffitts, loc. c*t. 
E. B. Jaenacfa, loc. at 
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sees, by suitable questions as to the size, colour, clearness, 
localisation, movement and duration of the images. 

E decides how many children should be tested, e jr he may 
attempt to select six children possessmg tetanoid character- 
istics and six possessmg basedowoid characteristics (cf. the 
discussion on this chapter). 

DISCUSSION 

The study of imagery would appear to be the most baffling 
in the whole realm of psychology. The behaviourist usually 
Ignores the topic since he regards it as unworthy of discussion 
owing to its speculative and unrehable nature Such an attitude 
is not surprismg, for as Kohler pomts out. “One psychologist 
claims to have them (images) in numbers, many of them almost 
as hvely and concrete as perceptions Others tell us that there 
are no real images at all in direct experience 

It is not difficult to account for this lack of unanimity. Individ- 
uals difier so much with respect to the vividness of their images, 
whether spontaneous or voluntary, that the drawmg of general 
conclusions is a very hazardous undertakmg Moreover, there 
are pecuharly insidious pitfaUs in experimentation on imagery. 

(1) There is the necessity to differentiate between voluntary 
and spontaneous imagery. It does not in the least follow that 
the individual who gets vivid voluntary images would expen- 
ence such spontaneously m his intellectual activity * 

(2) If material is presented through a particular sense with a 
view to the subsequent testing of imagery, it does not follow 
that those who excel m such a test possess vivid imagery m that 
sense, thus if matenal is presented visually, a weak visuahser 
might have very vivid auditory images which might conceivably 
enable him to do as well m the test as a strong visuahser Thus 
Diamanti, whose abibty for retainmg numbers was phenomenal, 
used visual imagery, whilst Inaudi performed similar feats with 
the aid of auditory images. 

(3) There has been a tendency to force individuals mto types 

^ W Kohler, Oestalt PsyduAogy, Amer ed., 1929, p 9 (Engl. ed. 1930). 

* Although Dr Carey found appreciable oorreladon between spontaneous 
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according to the kinds of images which dommate their thinking, 
and also to assume further that the mdividual with indistinct 
visual imagery must, of necessity, have clear and distmct 
imagery of some other kind. Without denying that there are 
some mdividuals who may be termed visiles, audiles, motiles or 
what not, there is yet much force in the words of Thorndike: 
“Instead of a few ‘pure’ types or many ‘mixed’ types, there is 
one type — mediocrity’’.^ 

(4) Psychologists have now to re-examme imagery m view 
of the theones and conclusions of the Marburg school regarding 
eidetic imagery The best introduction to the subject is found 
in a book entitled Eidetic Imagery by Professor E. R. Jaensch, 
the leader of the Marburg school It has been demonstrated 
that many children and even some adults, after lookmg at a 
smtable picture in accordance with the directions given m 
Section 3 of this chapter, are able to see an image of the picture 
on the projection mat after the picture has been removed The 
unage may come up immediately or after an mterval Some- 
times it IS in the onginal colours, sometimes m the comple- 
mentary colours, and sometimes m gray. Jaensch regards 
eidetic images as phenomena that take up an intermediate 
position between sensations and images. When imagination has 
little play they approximate to sensory after-images. When 
imagmation is at a maximum they can be regarded as memory 
images which are literally visible. The percentage of children 
who can see these images is said to vary with age, race, locahty 
and methods of instruction * But the mvestigation of Teasdale 
has shown that the discrepancies between the results of the 
various investigators is partly due to their adopting different 
cntena as to what constitutes an eidetic image Roessler* found 
the eidetic disposition at its maxinruim amongst children of six 
years, and these were the youngest children tested. Jaensch 
gives this view his support. Others* place the maximum at 

' E L. Thorndike, Mucatwaal Psychology, vol 3, 1914, p 374 

' Cf. Mai^garete Zimmsrmami, Etdetik und Sckuluntemekt, 1931, p 37, and 
E. R Jaenaoh, Etdetut Imagery, 1930, p 0. 

* F Roessler, 43 der Zettsckr. f. angew Psychol 1928. 

* Cf . H Zemsn, ZeUsehr f Psychol 96, 1925, S. Fisoher and H. Hirschberg, 
Zeitschr.f d ges Near u PsyehuU 88, 1924. 
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various points between twelve and fiteen years. Now Teasdale’s 
results indicated a definite correlation between the duration of 
the eidetic image and the richness of its details. In the system 
of mar lnug finally adopted it was possible to gam additional 
credit accordmg to the duration. Teasdale ^ found that if only 
subjects with exceptionally good eidetic images are considered, 
then the abibty decreases with age. If those with good or 
moderate images are also included, then the abihty rises to a 
maximum at eleven to twelve years. If all who get images are 
mcluded then the abihty increases with age. 

The study of eidetics by the Marburg psychologists is not 
limited to mere imagery and theones of perceptual develop- 
ment, but IS also made the basis for a typological study of 
human personahty. Pronounced cases of eidetic disposition are 
said to fall mto two varieties: the T, or tetanoid form, where the 
images approximate to the sensory after-images, “the eyes 
being small, deep-set, comparatively hfeless, without lustre, 
with no ‘soulful’ expression”. Pathological cases were said to 
benefit from feedmg with calcium. On the other hand is the B, 
or basedoimd form, where the images approximate to memory 
images, the eyes being large and “soulful”, the body gracefully 
built, the skm soft and silky with a low resistance to electric 
currents. It was further held that m the majority of youthful 
eidetic subjects both components are present, the pure B type 
being relatively frequent, the pure T type rare. 

Far-reachmg claims as to the importance and significance of 
the typological method m education, m medicme, and m 
biology have been made by Jaensch “Our procedure m eidetics, 
in the psychology of childhood and m wide fields of general 
psychology, consists m attemptmg to clear up the broad mass 
of useful cases by startmg with a few special cases to gmdc us. 
These special cases have certam characteristics m an exagger- 
ated form, which stick out above the mass, as it were, and are 
easily discernible. In that way the apparently chaotic and diffuse 
picture presented by the mass can be made clear.” * 

> H Teasdale, “The Prevalenoe of Eidetio Imageiy among Schoolohildien 
and Its Educational Sigmficanoe”, M.Eld. Thesis, Univ. of Le^, 1932 
* E R Jaensch, op, at p 60 
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(6) In all experiments on imagery, whether sensory after- 
images, eidetic images, or memory images it is essential to 
repeat the tests a sufficient number of times. Thus the present 
writer found that the tests on after-images described m Section 1 
have not much vahdity unless repeated on several days. But it 
was found that the after-images of certam children tended to be 
contmuous for a fairly long time in comparison with those of 
certam others which tended to come and go periodically. It 
will be seen that Jaensch attaches importance to this difference 
m smghng out some of his eidetic cases It is a question which 
seems to deserve further study The present writer, as a result 
of preliminary experiments, suspected a relation between 
perseveration and the duration of the after-images 

This is not the place to discuss debatable points but rather to 
indicate those on which the majority of psychologists would 
agree. Most would assert that the great majority of mdividuals 
have imagery of various kmds, of sights, sounds, movements 
and the hke and would find it easy to distmguish between an 
image and a percept It is therefore rather extraordinary that 
difficulty is experienced m statmg what exactly constitutes the 
difference between a percept and an image It is true that an 
image is usually less clear, that the percept depends on our 
movements while the image depends on our will, and usually 
the percept has a reahty which at any rate is not possessed by 
the memory image But that is not the whole story and most 
would probably agree with the weighty testunony of Wohl- 
gemuth: “That these memory-images are famt reproductions of 
the sensations, i.e. weak sensations, sensations of low mtensity, 
IS decidedly not true m my case, they are an experience sut 
genens".^ 

In agreement at least would be the experience of the present 
writer. 

He possesses visual images of Professor and Mrs C , his com- 
pamons at Lake Mendota, faint auditory images of their voices, 
a visual image of the lake, a thermal image of its waters which 
seems a blend of mvigoratmg coolness and pleasant warmth, a 
visual image of the vegetation of its bed as seen m the peculiar hght 

* A Wohlgemutli, Cnttcal Examxnatvm of Ptytho-Analyaxs, 1923, p 26 
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of subaqueous vision. Each of these reproductive or memory images 
differs from a weak sensation, but even more so does the following 
image which sometimes arises a visual image of the narrow neck 
of land with Indians transporting their canoes over it m order to 
shorten their voyage Such an image of constructive imagination 
is obviously not a copy of a sensation, as Indians have probably 
not made such use of this neck for several generations 

IMAGERY AND LITERARY APPRECIATION 
There are at least three studies beanng directly on the 
function of images m literary appreciation, those of Wheeler, ^ 
Valentine * and Mason ® Each advocates the cultivation of 
the imagery of children Wheeler used her “image-formation 
method”, but by this is not imphed that children should make 
an effort to obtam relevant images m order to appreciate a 
poem, but that a highly framed teacher should read a new 
poem with expression and without disturbmg its rhythm The 
child then forms the relevant images and mcreases his apprecia- 
tion Wheeler cnticises methods which are too prevalent the 
method of exposition, the method of silent readmg and the 
readmg aloud by the pupil, and the method of repetition 
Valentine’s study emphasises the caution which must be 
exercised before drawmg conclusions owing to the decided m- 
dividual differences exhibited 

Mason also advocates the use of the image-formation method 
as the most successful means of attammg hterary appreciation, 
but finds that there is a mmonty, chiefly weak imagers, for 
which the method is defimtely not the best He pleads for the 
lengthening of the period m life durmg which the formation of 
images is possible, by a more dehberate acknowledgment of 
the importance of imagery in school. This view may be com- 
pared with Jaensch’s claim that his surveys have shown that 
the eidetic phase is preserved longer than usual m children 
who are educated by methods adapted to the mentahty 

* O A. Wheeler, “An Analysis of Literary Appreciation", Bnt. Journ of 
P»yehol vol 13, Part 3, 1923 

• C.W Valentine, “The Function of Images m the Appreciation of Poetry’’, 
tbtd vol 14, Part 2, 1923 

> J E. tfason, “Imagery and the Teaching of English”, M Ed. Thesis, 
Umv of Leeds, 1928 
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of youth, e g. the methods of the modem Arbeitsschule in 

Germany. 

QUESTIONS 

1 Do you get many unages m readmg fiction or poetry? Do 
you find a tendency for a particular kmd of imagery to be 
more vivid than the rest* 

2 If visual images are more vivid and numerous than other 
kmds of imagery when you read poetry, does it follow that 
you belong to a visual type* If not, why not* 

3 Do you use imagery to a large extent m solvmg geometrical 
problems* 

4 Discuss the bearmg of the psychological study of imagery 
on practical teaching m the elementary school 
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1 C Spearman, The Nature of InieUxgence chap 12 

2 S I Franz, “After-images", Pegchd Mon vol 3, 1899. 

3 G. H Betts, “The Distribution and Functions of Mental Imagery", 
Teachers’ Oillcge, Columbia Umv , CorUnbutwna to Education, 
1909, No 26 

4 C H Gnffitts, “Individual Differences m Imagery”, Psychol Mon 
vol 37. 1927. 
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“TRIAL AND ERROR” LEARNING 


Matebials. — Metronome beating seconds Sis copies of Fig 12 
to be prepared by each S Pencils. Drawing-pins. Mirrors. 
Cardboard covers with smtable supports. 
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iNSTBUcmoNS — Students should work m pairs, each being 
E and S alternately until each has completed at least six 
attempts Fig. 12 is fixed with drawing-pms squarely in front of 
S by E, who should also arrange the cardboard cover so that it 
will cut off S’s view of the diagram but will allow him to see it 
in the mirror and wdl not interfere with his hand m draw- 
ing. The whole class should then be given the following m- 
structions' ^ 

“When E has placed the pomt of S’s pencil at cutsle No. 1, 

1 Modified from M. Qopalaswum, “ ‘Intelligenoe’ m Motor Learmng”, Brti. 
Joum of Psychol vol. 14, Part 3, Jannary 1924. 
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S should try to trace the pattern but be very careful to do so 
according to the following instructions 

(1) Only straight lines to be drawn. 

(2) Make a line and only one line for every stroke of the 
metronome which beats seconds Move m ]erks, stopping after 
every stroke 

(3) If you go the wrong way, correct from where you are. 
Do not go back to the starting pomt Also do not correct at 
once, but wait for the next stroke of the metronome, and then 
make the correctmg movement 

(4) You must arrive inside a rmg at the end of your stroke 
before proceeding to the next Thus if you fail to stop inside a 
ring, you must come back to it 

(5) Always hold the pencil m a vertical position and employ 
arm movements, thus avoiding movements of the fingers or 
wnst only ” 

It is important to insist on the observance of the instructions, 
Eis imifonmty of method is essential to get significant results 
By the above procedure time and error measurements are 
reduced to one category, namely, that of the number of move- 
ments to traverse the pattern 

DISCUSSION 

When the learned man erm he errs with a learned error. 

Araino Proverb 

The credit for focussmg attention on the analysis of the so- 
called “trial and error leammg” is largely due to Thorndike. It 
is important to realise that his classic studies m animal psych- 
ology were completed before he embarked on his epoch-makmg 
researches m educational psychology. Thorndike’s pioneer 
experiments undoubtedly developed comparative psychology, 
a science which now attracts so many workers, especially 
m Amenca. Moreover, their influence is manifest m most 
educational textbooks which attempt to deal with the laws of 
leammg. 

Thorndike found that a hungry cat placed m a box will suc- 
ceed m gradually decreasing the tune needed to undo the 
fastenmgs and reach the food placed outside, if given repeated 
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trials. It IS true that the improvement is not very regular, but 
m the end the time becomes fairly constant, and the animal 
has “learned” the operation of escapmg from the box and 
reaching the food. No one has questioned the facts, but what of 
their mterpretation* How did the animal “learn”? Obviously a 
difficult question, and it is not surpnsmg that several theories 
have been propounded. In order to get correspondmg data 
from human subjects the nature of the task would have to be 
more difficult, c g mirror wntmg or the solvmg of comphcated 
nng puzzles. In general such leammg curves obtamed with 
human subjects are similar to those obtamed by Thorndike 
with cats, except perhaps that with humans sudden drops are 
occasionally found correspondmg to those pomts at which 
some underlymg prmciple has become manifest Koffka.i how- 
ever, pomts out that these sudden drops are also exhibited m 
some of Thorndike’s curves and argues that Thorndike has not 
sufficiently credited the animal for its insight while unduly 
stressing its stupidity. 

Space does not admit a discussion of all the laws of learmng 
which Thorndike formulated on the basis of his early expen- 
ments, but the Law of Effect and the Law of Use have figured 
so prommently m the theory and practice of teaching that it is 
important to become acquamted with Thorndike’s more recent 
mvestigations with regard to them. 

THE LAW OF EFFECT (OR LAW OF SATISFACTION AND 
ANNOYANCE) 

Thorndike’s ongmal and too simple formulation may be 
summarised thus the response which leads to satisfaction 
becomes facihtated and that which leads to annoyance hm- 
dered. Probably this is the usual meamng given to the law by 
school teachers But Thorndike no longer beheves that the 
strengthemng influence of a connection by satisfying conse- 
quences IS paralleled by the weakenmg influence of annoymg 
consequences. He now holds that the former are more um- 
versal, mevitable, and direct, the latter more specialized, con- 
tingent upon what the annoyer m question makes the subject 
> K. Koffka, The Grtneth ojthe M%nd, 1924, p. 164 
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do, and indirect.^ In spite of vanous cnticisms Thorndike is 
more convinced than ever that his Law of Effect is the funda- 
mental law of leammg. 

THE LAW OP USE (OR LAW OP EXERCISE) 

The ongmal formulation meant, m bnef, that the response 
which frequently follows a given situation becomes facditated. 
But Thorndike now minimises the importance of mere fre- 
quency and holds that “If a certam state of affaus acts upon a 
man a thousand times a week for a year, he will, so far as the 
mere repetition of that state of affairs is concerned, probably 
respond no better the last week than the first”.* 

Thorndike stiU needs the Law of Use, for he beheves m the 
potency of repetition when “belongmgness” is present, but 
not when it is absent * Thus in the words “Fndtjof Nansen 
dnfted northwards for two winters. He then left the ship”, 
there is much belongmgness attached to “Fndt]of” and 
“Nansen” but very httle to “wmters” and “He”. 

One of Thorndike’s recent experiments* which, he thinks, 
supports the Law of Effect was to present on a fixed back- 
ground m a random order fifty stnps of paper, two of every 
length between three and twenty-seven centimetres Each 
subject had before him a stnp ten centimetres long and known 
to be ten, and estimated the length of each strip m integral 
numbers Two groups of similar general mtelhgence and 
imtial abdity were selected and the method of procedure for 
one group was to place a stnp before the subject As soon as he 
announced his estimate, the stop was withdrawn from view 
and the experimenter said “nght” or “wrong” acoordmg as 
the estimate was right or wrong, No statement was made of the 
amount or direction of the error After a number of such pre- 
sentations of the fifty stnps (usually seven, two or three a day 
for three or four days) the senes was presented with no aid. 
The effect of calhng “nght” and “wrong” was to produce a 

* E. L Thorndike, The Fundameniala of Learning, 1932, p 276 

• Ibid p 62 

• Ibtd. p. 66. 

* E L Thorndike, “The Law of Effect”, Amer. Joum of Psychol vol. 39, 
1927, p. 212 
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considerable reduction of error, whereas the other group after 
equal practice but without getting the announcements of 
“right” and “wrong” did not improve m their estimates of 
the lengths. 

It nught be worth while to repeat the experiment m order to 
see if the reduction m error due to the announcements cor- 
related with mteUigence 

The inadequacy of the Law of Use m the sense that mere 
frequency would produce learning is shown m an ingenious 
experiment by Peterson ^ His subjects learned to trace an 
unaginary maze although the conditions prescribed ensured 
that repetition of response would have hmdered leammg Many 
wnters on the psychology of learning show a tendency, when 
psychological explanations are lacking, to formulate a physio- 
logical hypothesis to account for the facts In the course of 
tune this hypothesis is itself regarded as a fact. Thus leammg 
was said to be due to the repeated passage of a neural impulse 
through a synapse thereby reducmg the synaptic resistance 
But Lashley* states that “no direct evidence for changes m 
synaptic resistance has ever been obtained The hypothesis is 
not based upon neurological data but is merely a restatement 
of the observed fact that mcreased efficiency follows repeated 
performance ” In his experiments with rats Lashley proved 
that synapses which were functioning for the first time m a 
given situation did so perfectly 

The importance of the mirror drawmg expenment is that it 
furnishes a means of studymg what is commonly called leammg 
by “trial and error” When S has attempted the task six times, 
let him try to analyse all the errors which he has made. This 
analysis will prove somewhat difficult to the beginner but his 
task may be considerably simphfied if Spearman’s pnnciples 
are apphed. For a detailed account of the apphcation of these 
prmciples to mirror drawmg the reader is referred to Professor 
Gopalaswami’s important paper. It is there shown how the 

' J Peterson, “The Backward Elimination of Errors in Mental Maze 
Learning’’, Joum of Exp. Popehol toL 3, 1920, p 267, and “Learning when 
Frequency and Recency Factors and N^jative”, xbtd vol 6, 1922, p 270. 

' K. 8 Lashley, “Studies of CSerebral Function m Learning’’, Psychol Rev, 
Tol 31, 1924, p 369 
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mistakes made in the foregoing experiment may be arranged m 
two levek, higher and lower respectively. 


I. Lower Levd — 

(1) habit 

(2) “wild” 

(3) inhibition 

(4) withdrawal 


II Higher Levd — 

(6) correlate-finding, based on mis- 
applying the relation of mversion 
(6) correlate-finding, based on mis- 
applymg the angular correction 


Thus a habit error would be to move from I to X instead of 
from I to II and is therefore an mstance of the process of 
reproduction, namely, that the presenting of any 
character reproduces some other character previ- 
ously associated with it ^ 

A “wild” error — ^very infrequent — seemed to ^ 
occur from an impulse of despair to move any- 
where 

By inhibition is meant the failure to move at all. 

A withdrawal, such as from X to I, is a common 
reaction after a wrong one It can be explamed by supposing 
that the previous wrong movement was perceived to be such 
(Spearman’s Second Pnnciple) and that then the relation of 
withdrawal is reproduced because it is a habit to withdraw m 
such circumstances (Process of Reproduction). Finally, this 
relation together with the perceived present position at X 
jointly evoke the actual movement of withdrawal (Spearman’s 
Third Pnnciple). 

The movement depicted m the next figure is explamed as a 
case of misapplymg the relation of inversion. A 
^ memory is present of the habit error already com- 
mitted, which had been perceived (Spearman’s 
Second Pnnciple) to consist in the desired move- 
ment being somethmg less than a nght angle 

Pig 14 anti-clockwnse of the movement actually executed. 

This anti-clockwise relation together with the 
present perceived position of the pencil evoke conjomtly, as 
the correlate, such an unpulse as would normally produce the 

1 C Spearman, Tht Nature of “Inielltgence" and the Principles of Cognition, 
p. 137. 
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appropnate anti-clookwiae correction (Spearman’s Third 
Principle) But owmg to the mirror the change of movement 
actually effected, namely from I to Y, has the reverse effect of 
a shift clockwise. 

PmaUy, a movement such as that from I to Z in the figure, 
is a case of misapplymg the angular correction. The subject 

; jjQ soon becomes aware that the mirror en- 
genders a vertical mversion (Spearman’s Second 
Pnnciple), accordmgly, smce he sees that his 
pencil should move slantmg upwards m the 
mirror-space, he makes actually the movement 
that would m ordinary space take it slantmg downwards 
This constitutes an instance of applying Spearman’s Third 
Pnnciple. But it is executed inaccurately, the allowance for 
slant bemg insufficient 

It IS, however, necessary to remember that although the 
rapidity and ease with which the task is accomplished may be 
taken as an index of learning capacity, yet it is possible that the 
factor of perseveration (cf Chapter 18) may handicap some 
mdividuals m so far as the new connections to be established 
are, m their case, more powerfully interfered with by firmly 
established habits The task thus differs m one important re- 
spect from typewntmg, morse-signalling or any task where it 
IS not necessary to mhibit habitual reactions to such a large 
extent 

Snoddy concluded that a recess period m the early stages of 
learning makes possible the attainment of etccuracy, and 
repetitions without recess m the later stages of the learnin g 
make possible the attainment of speed. By a “recess penod” is 
meant the penod of time which the experimenter mterpolates 
between successive efforts of the learner, each effort being 
called a umt of practice. 

There is even yet but httle evidence as to the length of the 
optimal recess penods m vanous scholastic activities, and as to 
the most economical distnbutions of repetitions. 

Book,^ as a result of his mvestigation of typewnting, con- 
cluded that practices without recess lead to ruts and limi t the 
^ W. F. Book. Tht Ptyehology ofSkttt, 1908. 
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spontaneity of movement Gkipalaswami,^ m a special form of 
the mirror drawing experiment, found that the distributed 
method produced a much larger proportion of responses of the 
higher levels; whereas the massed method caused a large in- 
crease m the responses of lower level, especially those of mere 
“habit” 

Until recently it was customary to say that improvement m 
mirror drawing occurred through tnal and error and that 
reasoning as such had httle or no part This attitude is character- 
istic of aU “mechamcal” theories which mvolve the notion of 
“random” or “chance” movements. Opposed to such views is 
the “rational” theory of Professor Spearman. According to this 
theory “rational” or “mtelligent” movement plays an import- 
ant part in mirror drawing. Moreover, “intelligence”, accordmg 
to this theory may be defined as the power of noegenesis, if it is 
agreed to call the processes of educing relations and correlates 
noegenetic processes It is m favour of the theory that the 
efficiency of children m the mirror drawing experiment cor- 
related highly with their mtelhgence as estimated by their 
teachers Moreover, an analysis of the mtrospections of 
thoroughly trained psychologists led to the same conclusion 
Fmally the theory opens up new possibihties for trainmg m 
manual skill For when an operation has been analysed mto its 
ultimate processes and then the learner imtiated mto their 
nature, his skill will become facihtated 

QUESTIONS 

1. Do you find it possible to arrange your wrong reiuitions m 
the last experiment m the six classes mentioned! 

2. Show from your records how far (o) associative reproduction, 
(6) the educing of relations, (c) the educing of correlates, 
dommate the learning 

3 If “tnal and error” operations as well as “mtelhgent” opera- 
tions mvolve the educing of relations and correlates, how 
can the large differences between the two kinds of learning 
be explained? 

1 M. Gopaloswami, he. eU pp 281, 286. 
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4. Having analysed the operation of mirror drawing mto its 
ultimate processes, show how the progress of a learner could 
be facihtated. 

5. Then show how you would detemune experimentally the 
degree of facditation 

6. “Laming is often said to take place either by practice (trial 
and error), by imitation, or by some form of ideational 
control (instruction, reasonmg, etc ) In the mirror drawing 
test the conditions preclude the use of mutation and there is 
but relatively httle opportumty to employ ideational con- 
trol, whatever improvement appears is due primarily to a 
process of trial and error” (Whipple, Manual of Mental and 
Physical Tests, vol 2, p. 119). Discuss the above statement 
with respect to the learmng of mirror drawing. 

Refebences 

1 M Gopalaswaim, “ ‘Intelligenoe’ in Motor Learning”, Bni Joum of 
Psychol vol 14, Part 3, January 1924. 

2 G. S Snoddy, “An Ezpenmental Analysis of Tnal and Error Learning 
m the Human Subject”, Psychol Mon No 124, 1920 

3 G M Whipple, Manual of Menial and Phys%cal Tests, vol 2, p 119. 

4 E, L. Thorndike, The Fundamentals of Learning, 1932 



CHAPTEB 8 


THE “G’* FACTOR AND TESTS OF “INTELLIGENCE” 

Materials — TomLnson’s “West Riding” Tests of Mental 
Ability 1 Price 3s. 6d per dozen Examiner’s Manual, 6d 
Published by Hodder and Stoughton. Four dozen copies of 
Set Y and also of Set Z should be available so that any class m 
the elementary school from Standard IV upwards may be 
tested. The copies may be used repeatedly as the answers are 
written on other sheets. 

Directions. — E should arrange with the headmaster of a 
school for the testing, say, of the pupils m Standard VII , and 
for obtainmg then order of ment according to their school 
marks and also accordmg to their teacher’s estimate of theu 
general mental ability. 

The students should witness the administration of Set Y by 
E and should endeavour to form a critical estimate of the 
procedure These estimates may then be discussed m class. With 
the aid of the Exammer’s Manual, each student should score the 
answers of at least one pupil. The correlation between the order 
accordmg to school marks and that obtamed from Set Y should 
be calculated Likewise, the correlation between the order 
accordmg to the teacher’s estimate and that obtamed from 
Set Y. If desired, the same pupils may be tested the foUowmg 
week, usmg Set Z, and the corresponding correlations calculated. 
In addition, the correlation between the two school orders may 
be calculated. (For particulars cf. Chapter 23 ) The conclusions 
drawn should be discussed. By reference to the Exammer’s 
Manual the Intelligence Quotient of each pupil is easily ob- 
tained As a check two pupils may be picked out and each may 
be given an mdividual test, e.g. Burt’s London Revision of the 
Binet-Simon Scale.® This serves two purposes. It acts as a 

' Cf. T. P. Tomluuon, “A Group Scale of Mental Ability”, M Ed Thesis, 
Umv of Leeds, 1923. 

* C Burt, Mental and Seholaette Tetts, 1021 (3rd impression, 1027). 
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demonstration of individual testing, even though the child is 
tested in front of an audience, which is a condition always to be 
avoided m exact individual testing. In addition, this procedure 
shows roughly the degree of agreement between the Intelhgence 
Quotient supphed by the Tomlinson Scale and that obtained 
from a Bmet-Simon Scale Further, if the position of a child 
m the “West Eiding” Tests differs markedly from his position 
as given by the school, the Bmet-Sunon Tests may furnish 
additional evidence to account for the discrepancy. Finally an 
attempt should be made to analyse the nature of the cogmtive 
relations which have to be educed m each type of test employed. 

DISCUSSION 

So maoh for the maater’g motto, “Every man m hi* place” Next for 
the labourer’s motto, “Every man hu chance”. Let u« mend that for 
them a little, and say, “Every man his certamty” — oertamty, that 
if he doea well, he be hononred, and aided, and advanced m 
such a degree as may be fitting for hia faculty and consistent with 
his peace . . It is the law of good economy to make the best of 
everything How much more to make the best of every creatuiel 
J. BnsKm, The Crown of Wild Olive 
IV The Future of England 
In some sense and in some effectual degree, there is m eveiy man the 
material of good work m the world, in every man, not only m those 
who are bnUiant, not only m those who are qmck, but in those who 
are stohd, and even m those who are dull 

W E. GLansTONB 

(Of. C Spearman, The Abilities of Man, p. 221.) 

What IS intelligence? On what pimciples are the component 
tests m an mtelligence scale selected and assembled? Why are 
the particular time limits adopted for each test* Are there not 
individuals of high mtelhgence but slow? Would not such be 
penalised by the tune limits adopted? Is it not possible to 
“coach” pupils for such tests? What are the practical uses of 
intelligence scales? 

These are samples of the avalanche of questions which may 
arise at the ensuing discussion. Comprehensive answers would 
demand a volume. In this book a brief discussion of some im- 
portant aspects must suffice. 

The whole subject of intelligence testmg becomes greatly 



8 “G” FACTOR AND TESTS OF “INTELLIGENCE” 79 

clarified if it be realised that what should be tested is the indi- 
vidual’s efSciency or power m the operations which are covered 
by the three quahtative laws or principles already stated, 
namely, the excellence of his self-awareness and of his educ- 
tions of relations and correlates, always assummg that affective 
and conative factors are being kept under control. When it is 
further remembered that the analysis of self-awareness has as 
yet hardly figured in the testmg of mtelligence, it will be appar- 
ent why every successful test of mtelhgence so far devised gives 
the testee an opportumty to educe relations and correlates of 
various kmds. The complete list of relations accordmg to 
Spearman^ is as follows* Evidence, Likeness, Conjunction, 
Space, Tune, Psychological, Identity, Attnbution, Causation, 
Constitution. 

Simple illustrations would be 

Relation of Evidence. — ^John is taller than WiUiam, and 
Wilham IS much taller than Bob. Compare John with Bob. 

Relation op Likeness — ^Draw a hne under the word 
which means the same or nearly the same as the word “com- 
mand”: obey, surrender, order, fire, run. 

Relation of Conjunction — 63 + 14 = * 

Relation of Space. — Cancel every o, every n, every o and 
every « on a prmted page 

Relation of Time. — Cf Seashore’s Sense of Tune Test, 
Chapter 15 

Psychological Relation. — ^This is mvolved whenever we 
interpret the thoughts, desires or actions of other people by 
analogy to ourselves. The best known teat of this is Binet’s 
Interpretation of Pictures Test.* 

Relation of Identity. — ^The Thurstone Hand Test.® 
Pictures of the nght hand and of the left hand, m vanous posi- 
tions, follow each other m haphazard order, and S haa to 
underlme each picture of the nght. 

Relation of Attribution. — ^Tiger is to Fierce as Lamb is 
to? 

1 C Spearman, Tht Ab%ltttu of Man, pp 168-194. 

' Cf. C. Burt, Mental and Sdudastie Teete, p 26. 

* Obtainable from Heasrs. C H. Stoelting, 424 North Homan Avenne, 
Chicago. 
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Eblation of Causality. — ^Prisoner is to Jail as Water is to 
Prison, Drink, Tap, Bucket. Which of the last four words is the 
answer? 

The Relation of Constitdtion.— This relation is of a second- 


aiy nature in that it springs from one of the other nine classes 
of relation. Thus the tnangolanty and the blackness together 
with their inter-relation constitute the black triangle below: 

Further discussion is beyond the scope of this 
book, but it would appear that the relation of con- 
ititution must be considered m studying vanous 
Austrian and German doctrmes regarding “shapes”, 
“forms”, “complexes”, “structures” and “wholes” It will also 
elucidate Wundt’s prmciple of creative resultants ^ as exemph- 
fied by his statement that “the product denved from any 
number of elements is more than the mere sum of the 


elements ” 


Space does not allow a fuller discussion of these ten re- 
lations, but there remains one fundamental question which 
must be faced' Is abihty in educing one kind of relation any 
evidence concenung abihty m educmg another kmd^ Let us 
assume that, for each of the relations mentioned above, many 
different testa are available Then at least seven hypotheses 
may be exammed. 


(1) There may be a general factor “g” extending throughout 
all the tests, and over and above this a group factor /i extending 
throughout all the tests mvolvmg the first class of relations, or 
throughout a number of them; similarly a group factor/, ex- 
tendmg throughout all the tests mvolvmg the second class, or 
throughout a number of them, and so on for the other classes; 
and finally a large number of specific factors, the range of each 
being so narrow that it only plays a part m one particular test. 
Thus m a particular test Oj mvolvmg the first class of relations, 
an individual possessing “g” in large measure would tend to do 
well, also if he possessed a large f^, and also if he possessed a 
large sa,, the factor specific to this test. His resultant perform- 
ance would thus depend on the relative importance of these 


* W Wundt, ChUhnet of PsycMogt/, trauB by C H Judd, 3rd ed 1907, 
p. 369. 
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factors m the test. If this hypothesis were substantiated, in- 
teUigence testing would certamly be a comphcated task 

(2) A simpler hypothesis would be to assert that there is 
only “g” and that the person who excelled m one kmd of 
relation findmg would excel in every other kmd 

(3) A third would be to assert that there are only fs, the 
group factors, m operation. 

(4) A fourth that there are only «’s in operation, and that 
abihty m one test has no relation to ability m another. 

(5) A fifth might posit both/’s and «’s but no “g” 

(6) A sixth might conceivably assume the presence of “g” 
and/’s but no s’s 

(7) Finally it is open to assume the presence of “g” and the 
s’s. 

In order to decide between these hypotheses the tetrad 
diSerence critenon of Professor Spearman is a potent help (cf 
Chapter 23) For if tests of different abdities are given to a 
large number of subjects, it can be established that whenever 
the tetrad equation holds throughout the table of correlation, 
and only when it does so, then every mdividual measurement 
of each ability can be divided mto two mdependent factors, 
namely, a general factor “g” which vanes from mdividual to 
individual but remains the same for any one mdividual with 
respect of all the correlated abihties, and a specific factor s 
which not only vanes from mdividual to mdividual, but also 
for any one m^vidual from each abihty to another. This is the 
famous Two-Factor Theory which was enunciated in 1904 m a 
paper ^ which for two reasons is epoch-makmg- (1) The method 
of correlation was first successfully apphed m psychology. 
(2) The doctnne enumcated has caused more discussion than 
any other m the present century It is significant that although 
Spearman had published papers typical of the work commg 
from the laboratory of Wundt, who was then at the zemth of 
his career, yet m this paper both the method and the doetnne 
are new and mdependent of the Wundtian tradition. As often 
occurs in the progress of science it was several years before the 

‘ C. Spearman, “General Intelligence Objectively Determined and Meas- 
ured”, Amer. /oum ofPtyehol vol 16, 1904, pp 201-292. 
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full significance of the paper was realised Nevertheless the 
year 1904 marks the birth of a new school of thought. 

It may at once be stated that when these vanous classes of 
relations were subjected to the tetrad difference cntenon by 
Spearman and his pupds, the general result is that the “g” 
factor IS common to all kmds of relations and it would be 
difficult to prove that any class of relations is more character- 
istic of “g” than anotW Further, the number of group 
factors of wide extent m any particular class of relations is 
apparently very small There is some evidence of such a factor 
somewhere in the domam of relations of evidence, namely, a 
logical factor, ^ another m the donAain of spatial relations akin 
to mechanical aptitude, * at least one involving the relation of 
conjunction, namely, arithmetical abihty,^ and still another m 
the domam of psychological relations * 

It follows, therefore, that an mdividual who tends to excel in 
educing relations of one kmd will also tend to excel m educmg 
relations of other kmds But obviously the strength of this 
tendency will be affected by the presence of such group factors 
as have been mentioned or others still to be discovered. The 
field for further research is therefore mapped out Whenever a 
group factor is suspected, its existence can be tested by the 
tetrad techmque and, if substantiated, it will be necessary to 
examme its nature and significance Thus Ormiston recently 
obtained evidence for a spatial group factor m the sphere of 
geography.® 

FACULTIES 

Instead of regardmg the field of cognitive operations with 
respect to the kmds of relations involved, attempts can at least 
be made to divide it into faculties such as memory or imagina- 
tion, verbal or musical abihty, with a view to ascertain the 
range and importance of group factors from another point of 

^ C. Spearman, AbxMxtt of Man, p 226 

‘ Ibid, p 229 

* Ibid, p 230 

* Ibid p 23S 

* M. Ormiston, “Psychological Tests and Achievement in Geography”, 
hLEd. Thesis, Univ of Leeds, 1933 
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view In. this case, uninformed opimon is apt to accept group 
factors on insufiBcient evidence. But here agam precisely the 
same techmque — analysis by the tetrad criterion — is essential 
and sufficient Up to the present the number of group factors 
for which evidence has been adduced is rather small Carey 
found a group factor common to visual and auditory memory, ^ 
Abelson found a group factor m verbal memories, common to 
sentences and disconnected words,* Krueger and Spearman 
found one m non-verbal 8)mibobc memories * Carey al^ found 
a group factor common to the abihties to form visual and 
auditory images * At present there is need of further research 
to ascertam the number of group factors in the field of music 

No discussion of group factors would be complete without 
reference to the important researches of KeUey. He states that 
his own findings are on the whole “quite remarkably m har- 
mony” with those of Spearman but adds “There does seem 
to be a real disagreement m the importance and extent of a 
verbal factor and m that of a mental speed factor” * 

THE SELECTION OF TESTS 

A general formula for the correlation of sums or differences 
due to Spearman * shows m a clear bght the principles accordmg 
to which a battery of tests should be assembled 

If there are p tests, namely, a^, a, . . . a,, and if all the tests 
have the same standard deviation (cf Chapter 23), then 

(a,+a.+ +0,), ^p+2S{rJ 

The left-hand side of the equation represents the correlation 
(cf . Chapter 23) between the pool of the p tests and the entenon 
of “g” The numerator S(r^) denotes the sum of the correla- 
tions between each test and this entenon, while S(ro„) denotes 
the sum of aU correlations between different pairs of the p 

• C Spearman, AMittes of Man, p 287 

• /5»d p 288 * Jlnd * Ibtd 238 

' T L KeUey, Crossroads tn the Mind of Man, 1928, p. 23 

• C Spearman, “Correlations of Sums or DiSerences”, Bnt Jowrn. of 
Psychol vol 6 1913, p 419. 
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tests. Thus, if j) = 3 and r^^=0-4, r^=0-3, V,=0-3 and r„ = 
0’2, ri3=0-16, r„=0-16, then 

0-4 +0-3 +0-3 

’■(a.+a,+a.)» “ ^-3 +2(0-2 +0-15 -f 0-15) ’ 

Now as success in some tests may depend more on the general 
factor “g” than m others, the first pnnciple demands that 
each test selected should correlate as highly as possible with 
the criterion of “g” and thus ensure a large numerator 
The second pnnciple may be detected from the fact that 
occurs m the denominator, thus it is desirable that the 
tests should correlate as low as possible with each other By 
this IS not meant that the correlation would be as low as zero m 
actual practice as the factor of “g” is common to all the tests, 
but it 18 obvious that if any two tests correlated very highly 
with each other, they would be testmg very largely the same 
thing and it would be unwise to include both 
The third pnnciple demands that a sufficient number of 
tests 1 (whether 6, 8, 10 or 12) should be chosen so that when the 
marks assigned to each test after appropnate weighting are 
added up, the results of applying the tests to a group should 
agree as reasonably as can be expected with the recognised 
cntenon * It would not be worth while to include a seventh test 
if the results with seven tests did not show an appreciably 
higher correlation with the cntenon than that obtamed with 
six tests. Complete agreement with the cntenon would, of 
course, not be expected. Thus even if the cntenon is the esti- 
mate of a highly rehable teacher, it would be coloured by many 
other factors such as the pupils’ personal appearance, his sense 

^ ProfMsor Piaggio has emphasised the unportanoe of the first pnnciple of 
high “g” -saturation The above formula shows that mcreasing the number of 
tests will have httle effect without high “g” -saturation Cf H T H. Fiaggio, 

“Conditions for a Real and Umque ’g’ ”f -Bn* Jemm o/PsyeJloI.vol 24,1933, 

p 104 

* Appropnate weighting gives a score to an individual x for a whole team 
of z tests proportional to 

where the weighting to. of the mark fit., m any test » is made proportional 
^ '’«>/(! - f*»,) C. Spearman, Tie AbU»t%et of Man, Appendix, XIX. 
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of humour, his politeness, his industiy, his emotional and his 
moral characteristics. And if the criterion were school marks 
or examination results, these do not depend on “g” alone but 
also on the teacher’s personahty, the excellence of his teaching 
methods as well as on the pupil’s mterest and mdustry and 
attendance at school. Terman concludes that “lack of self- 
confidence, personal traits which tend to cause over-ratmg or 
under-ratmg, mental inertia, physical defects, emotional m- 
stabihty and psychopathic heredity are the most common 
causes of discrepancy between mental age and quahty of 
school work”.^ 

It IS not therefore surprising that a correlation greater than 
0 7 is not obtained between mteUigence as measured by a 
mental test and as gauged by a teacher or assessed from school 
marks. Yet such considerations do not prevent an efficient 
battery of tests from correlating very highly with the general 
factor “g”. 


RELIABILITY OP A TEST 

It IS advisable to have two eqmvalent forms of each type of 
test selected. The correlation between the two forms has been 
called by Spearman the “rehabihty coefficient’’, and the higher 
it IS the better. 'Thus suppose a group of children is tested with 
a list of “Opposites” today and with another equally difficult 
list tomorrow, the two orders of merit would not be expected 
to be quite the same. There nught be regvlar variations due to 
practice, fatigue, etc., which might be controlled by groupmg 
the marks, e.g. the 2nd half of the 2nd test plus the 1st half of 
the 1st test might be compared with the 2nd half of the 1st 
plus the 1st half of the 2nd. There would also be accidetUal 
variations which, unless they were shght, would baffle control 
and render the test practically useless. If, however, the re- 
liability coefficient is 0’7 or higher, we can at least say that the 
test measures somethmg with some consistency, although 
further experimentation would be necessary to prove that it is 
the general factor which is tested. Obviously a test such as the 
Strength of Grip Test may have high reliability, say 0-9, and 
^ L M. Terman, The InteU%genee of School Chtldren, 1921, p. 106 

a 
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yet poBsess little or no value as a test of intelligence. There is 
therefore the further need of the concept of vahdity, hut before 
discussing it, it will be convenient to expound another im- 
portant concept: 

OBJECTIVITY OF A TEST 

Although the rehability coefficient may be high when the 
two forms are apphed to a group by a particular tester, it does 
not follow that the results would even approximate to those 
obtamed by another tester, who nught have introduced varia- 
tions not only in applying the test but also m the marking 
In that case the test is not sufficiently objective and is at the 
mercy of subjective differences of the different testers. In 
practice, then, a test cannot be considered objective unless the 
results of two testers, who have apphed the test to the same 
group, show high correlation. It follows then that the objec- 
tivity of a test is usually lower than its rehabihty ^ 

VALIDITY OP A TEST 

The validUy or predictive value of a test is merely the extent 
to which it does measure what it purports to measure This is 
determmed by finding the correlations between the test and 
some mdependent criterion. Thus the vahdity of a new test of 
mtelhgence would be determined by correlatmg it with the 
estimates of mtelhgence given by a rehable teacher, or by 
correlatmg it with school marks or with the results obtamed 
by means of an mtelhgence scale of reputable vahdity. 

High correlations afford the best available evidence that 
tests are measurmg the same thing as the cntenon It is obvi- 
ously important to secure a cntenon which is as rehable and 
objective as possible. As Bingham* pomts out* “The available 
cntenon may be unreliable because records are incomplete, or 
inaccurate, or difficult to express m comparable units”. 

It follows that if the vahdity of a test is high, there is no 
need to trouble about its reliability, for it must of necessity be 

^ Cf W A. McCall, How to Metuure mi Edveatwn., chap 11, 1022 

• W V. Bingham, “Reliability, Validity and Depenchibility”, Jowm of 
Appl Ptyehdl. toI 16, 1933 
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high. It alao follows that the vahdity of a test cannot be 
higher than the reliabihty of the test or of its criterion, and it 
may be much lower, 

DEPENDABILITY OF A TEST 

The question now arises: When is the validity of a test 
sufficiently high so that considerable dependence can be placed 
on the score of a particular mdividual as his measure of the 
trait in question? The correlation between the test and the 
cnterion has to be very close — ^much closer than usually ob- 
tains in practice — in order to satisfy this condition By means 
of a coefficient of dependabihty it will be possible to ascertam 
how much better than mere chance is prediction from a single 
score. Kelley’s coefficient of abenation is A: = y^l - r*, and the 
dependabihty coefficient may be regarded as D = 1 - A; or 
1 _ V'l - r*. By plotting the curve connectmg r and D it wiU 
be seen that an r of 0-7 gives only low dependability and that D 
does not become high until r =0 9 

The Validity of the Binet-Simon Scale.— The principles 
enumerated may also be apphed to determine the vahdity of 
mdividual tests of mteUigence such as the Bmet-Simon Srale. 
There are several methods available 

(1) Burt adopted as his criterion the considered estimate of 
an observant teacher working daily with the children over a 
period of several months or years. For each age the correlation 
between the Teachers’ Estimate and the Bmet-Simon result 
was ascertamed. In ordinary elementary schools the Bmet- 
Simon tests, as tests of mteUigence, prove but moderately 
successful. For the older children Burt found his own Reasomng 
Tests to correlate 0-70 with the teachers’ estimates whereas 
the Binet-Simon tests only correlated 0’51 with the teachers’ 
estimates.^ 

(2) Another method is to test the vahdity of each test in the 
Binet-Simon Scale by comparing the percentages of success 
among normal and defective children respectively. The co- 
efficient of colligation may be recommend^ for t^ purpose 

^ C. Burt, Mental and Sekobulte Tude, p. 200 
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(cf. Chapter 23). By its use Bart found that many of the indi- 
vidual teats have but comparatively httle value, while others 
are highly diagnostic.^ 

(3) Somewhat sinular was the method employed by McCiae,* 
who sorted out the Bmet-Simon tests according as they 
seemed to involve more essentially eduction or reproduction. 
The followmg questions were asked in the case of each test, 
(a) Does the test essentially involve the eduction of relations 
or correlates or both* (6) Are the material and form of the 
test the best obtainable for this purpose* (c) Are the material 
and form of the test of such a nature that, as near as may be, 
we are testmg these eductions, and them only for the first 
time* By the use of these questions, it was found possible to 
make a theoretical division of the tests mto four classes, those 
to he retamed, those which might possibly be retamed, those 
which might possibly be rejected, those to be rejected. 

The tests were then applied to children of two special sorts: 
(1) mentally defective who had enjoyed the full ordmary 
amount of time at school, (2) physically defective whose 
schooling had been greatly curtailed. Clearly the most satis- 
factory tests of innate ability should be those m which superior 
natural endowment enabled the physically defective children 
furthest to outstrip the mentally defective children despite 
inferior educational opportumty, while the least satisfactory 
tests would be those m which superior educational opportunity 
enabled the mentally defective children to approach nearest 
to the physically defective For each age from seven to four- 
teen years the percentage of M D. and of P.D children passing 
each test was calculated. The percentage difference between 
these two figures was then calculated. Although the practical 
testmg did not, m all cases, bear out the theoretical finding , 
there was a very large measure of agreement. Concerning some 
forty of the St^ord-Bmet tests the coefficient of association 
between the a priori judgment and the practical judgment was 
found to be 0-89. Thus in the case of the test of stating 
similarities between common objects, e.g. "In what way are 

* C. Burt, Mental and ScKokuttc Teett, p. 204. 

* C B MoCrae, loc. eit. 
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wood and coal alike?”, it was decided a pnon to retain it. 
28 per cent of M D. and 60 per cent of P.D. children passed the 
test. A percentage difierence of 114. On the other hand, the 
test of defining common objects in terms supenor to use was on 
a priori judgment rejected, as statements in the form of genus 
and differentia are essentially a school product and mvolve but 
little eduction 32 per cent of M.D. and 43 per cent of P.D 
children passed the test A percentage difference of only 34 

THE PRACTICAL VALUE OF TESTS OF INTBLLIGENCE IN 
SCHOOLS 

One of the greatest needs in education today is to secure a 
sufficient number of teachers tramed to use tests. It is true that 
the modem group test can often be given with a minimum of 
trainmg, but no one can hope to use an mdividual scale such 
as the Bmet-Simon without possessing a considerable psycho- 
logical background, and it is further very desirable that he 
should attend a special course on Bmet testmg 

Individual and group tests have each their advantages as 
well as disadvantages. Bnefly, the mdividual scale may be 
used to test the child who may be backward enough to require 
special treatment, thus a child with an I.Q below 70 may need 
to attend a special school. It may also be used with the bnlhant 
child who should be promoted and encouraged to sit for a 
scholarship Thus a child with an I.Q. of 125 may possibly, 
and one with an I.Q. of 136 may probably, wm a secondary 
school scholarship A child with an I Q. of 140 may possibly, 
and one with an I.Q. of 160 may probably, wm a umversity 
scholarship. 

Individual testing is also useful in the case of the emotionally 
unstable child or the very young child, for in such cases group 
testmg is not so rehable. 

Group tests enable large classes to be tested m a short time 
and are specially adapted for ensurmg that children are placed 
in classes suitable to their mental ages and thus prevent the 
extreme overlapping of mental ages which Terman ^ and others 
found in the different grades. They also enable an inspector to 
1 L. M. Terman, The Intdltgvue of Sekool ChtUreH, 1921, p. 25. 
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gauge the general mental ability of different classes and thus to 
know what progress to expect from each. 

Other uses are to study the relation between inteihgence and 
social status,^ or between intelligence and occupation,* or 
between inteihgence and size of family * 

It is obvious from what has been said that by means of 
mdividual or group tests, or both, considerable educational 
guidance may be given to a child, especially m a central or 
secondary school as to the courses of stndy from which he is 
hkely to profit. Further, vocational guidance is largely based on 
performance m the tests. As an instance of the use of the 
Stanford Eevision of the Bmet-Simon tests may be cited 
the work of Brier.* Candidates for admission to a secondary 
school were given a test of attainment m Reading, Anth- 
metie, English, History and Geography occupying six hours. 
They were mostly between the ages of eleven and twelve, but 
candidates up to the age of thirteen were allowed to sit The 
pass list consisted of 114 children, and each was tested by the 
Stanford tests. It would appear from the table that the formal 
examination m school subjects is not m itself a satisfactory 
method of assessing a pupil’s ability to profit by a course at 
a secondary school It may admit a dull child and may exclude 
a child of high intelligence. In the above case the formal ex- 
amination obviously favoured the over-age candidate 


IQ 

Frequency | 

Hoe 1 to 88 

Noe 39 to 76 

Noa 77 to 114 

Up to 80 . 

1 

1 

10 

00 to 109 . 

19 

24 

23 

110 to 119 . 

9 

11 

3 

120 and above 

9 

2 

2 


1 C Burt, Mental and ScholaMtc Teats, 1021, p 100, J. F Dnfi and Q. H. 
Thomson, Bnt Joum of Psydud vol. 14, 10^, p. 1^. 

* H Macdonald, *tnd vol 16, 1026, p. 123 

* H. E. Q. Sutherland and Q. H. llionuon, ilnd vol. 17, 1026, p 81 

* A Bner, “A Critical Inquiry into the Practical Value of Mental Testa m 
Secondary Bchoola”. M.Ed. Theau, Univ. of Leeds, 1024. 
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In some secondary schools pupils on admission are divided 
into three first-year forms, then at the end of the first year these 
pupils are reorganised on the basis of the Midsummer Term 
Examination. Children with an aptitude for science and mathe- 
matics go to Ponn lib; those who show special abUity m 
languages are placed m Form Ila. Form II consists of the lowest 
third of the Midsummer Term Examination List Pupils m lib 
pass into IVb. and thence mto Vb, the School Certificate Form, 
whilst those m Ila pass through IVa mto Ya, the other School 
Certificate Form. Pupils m II have a more extended course 
passing mto III and IV and then mto Vb As only the “a” 
Forms take Latm, pupils cannot be transferred from TV to Va. 
Such a procedure shows the vital necessity of takmg all pre- 
cautions that no pupil should be placed m Form II by mistake. 
Alternately it may be argued that a more elastic system should 
be mtroduoed whereby transfers could be efiected more easily 

Comparison of Intelligence Scales — At the present time 
when so many intelhgence scales are available, it is necessary to 
mquire whet W and how far they can be regarded as measurmg 
the same thmg, or how far would the results obtamed by the 
use of one be expected to agree with those from another 

In 1922 Wilson^ conducted a careful comparison of several 
well-known scales, viz. the Terman, Otis, National, Northum- 
berland (Thomson), and Simplex 340 children were tested In 
addition to ascertammg the degree of agreement between any 
two of these scales, Wilson also found how the results with each 
scale compare with examination marks, and also with teachers’ 
estimates of mtelligence. The discmnmatory capacity of each 
scale for each age and standard was also carefully mvestigated, 
and the several tests m each scale were analysed. The results 
obtamed with the different scales were found on the whole to 
correlate highly with each other, or about 0-7 to 0-8. The scales 
correlated with examination marks to the extent of 0 39 up to 
0-49. With teachers’ estimates of mteUigence the extent of the 
correlation was only 0'30. In view of the unreliability of the 

^ J H Wilson, “A Surrey, Histonoal and Cntioal, of IntelLgenoe Testa”, 
MEd. Thesis, Umr of Le^ 1923 Cf. also his “Companson of Certain 
Intelligence Scales”, Bnt Joum. qf Pajfchol toL 16, 1924. 
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estisoates as compared -with tests such a result is not surpris- 
ing. 

Intellioence and Quickness. — Intelligence tests have been 
criticised on the score that the tune-hmits have been too severe 
and that they may measure a kmd of quickness but not mtel- 
ligence. The writer once asked a famous admiral if he did not 
think it possible for a person to be very mtelhgent but slow. 
His answer was characteristic: “We do not want him m the 
Navy”. When the question was put to Professor Spearman 
another characteristic answer was obtamed* “Test it and see”. 
Even if popular opimon would answer with a decided affirma- 
tive, it was nevertheless a question for careful mvestigation. To 
comphcate matters further it is alleged that there are sparkhng, 
qmck-witted individuals who fail to distinguish themselves m 
mtelhgence tests, also mdividuals who are slow starters m any 
task, and still others who suffer from nervousness The question 
has a senouB aspect If pupils sit an mtelhgence test for second- 
ary school scholarships, and if the marks are added to the 
English and Arithmetic marks, there is still a grave nsk, 
according to a recent enquiry by Professor Valentine,^ that a 
pupil who deserves a scholarship may not obtam it. But the 
available evidence gives httle support to the view that this 
mjustice 18 owing to some being very intelhgent but slow. It 
18 well to note that some major causes have been suggested by 
Valentme, but are not here our concern 

Miss M D. Kay* tested twenty-four “bright” girls and 
twenty -four “dull” girls, using well-known types of group 
mtelhgence tests. The time allowed for each test was very 
hberal. Eqmvalent tests were afterwards given where the time 
allowance was too severe to enable more than one pupil to 
finish any test. Very high correlations were obtained between 
the two senes of tests both in the case of the “bnght” and also 
m the case of the “dull”. Such a result offers no support to the 
conclusion that there are mtelhgent pupils who are slow. 
Bernstein* made a thorough study of the relation between 

* C W. Valentine, The RdtaMUy of BxammcUtont, 1932. 

' M. D. Kay, B A. Thesis, Univ of Leeds, 1923. 

* £ Bernstein, “Quiohneee and IntelUgenoe”, Bnt, Jovrn. of Peychol. 
Mon Supplt No 7, 1924. 
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quickness and intelligence and came to the conclusion that 
there was no speed abUity, independent of general abihty. In 
other words, there was no evidence of a subject bemg slow and 
yet mtelhgent, or quick and yet dull. 

INTELLIGENCE AND SCHOLASTIC ACHIEVEMENT OF THE 
CRIFFLEID CHITjT) 

164 crippled children from the age of nine years upward were 
the subjects of a recent research by Garry ^ Three groups 
specially studied were (a) heart disease, congemtal rheumatism, 
valvular disease; (6) infantile paralysis, spastic paralysis; and 
(c) non-pulmonary tuberculosis. Their I.Q., Arithmetic Quotient 
and English Quotient were obtamed by means of Burt’s 
Northumberland Tests All the testmg was done between June 
and October 1929 No significant correlation was shown between 
I Q. and attendance This is contrary to the conclusion reached 
by Gordon,® but as Garry’s subjects were older, they may have 
obtamed sufficient mastery over reading and anthmetic to 
enable them to make progress when absent from school. Their 
average for anthmetic was lower than that for English, and 
this 18 not surpnsmg for owing to their inactivity they may 
devote comparatively more time to reading. On the whole, 
children sufienng from cardiac rheumatism scored more highly 
than the others A suggested explanation is that this disease 
generally attacks children over seven years Children suffering 
from the various forms of paralysis had the lowest I.Q , and 
often their mabihty to control the muscles used m speech and 
wntmg handicaps their powers of expression so that they are 
judged less mtelligent than they really are. 

The average I.Q. of all the children tested, 88-6±0'84, is 
roughly the same as that obtained by Gordon, or Dawson,® who 
tested phjrsically defective children by means of mdividual 
tests. In Dawson’s mvestigation the diseases were not mainly 

* N Garry, “The EdnoaUon of the Crippled Child in England”, M.A. 
Thesis, UniT of Leeds, 1033 

* H. Gordon, Mental and Scholasttc Teete among Retarded CMdren, Bd. of 
Edna Pamphlets, No. 44 

' S Dawson, assisted by J C. M. Conn, Intellxgenee and Disease, Med. Res. 
ConnoiL Pnbl , 1031. 
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crippling diseases, and on the whole it was only disease of the 
ductless glands and of the brain which affected the intelligence. 

VERBAL AND NON-VERBAL TESTS OF INTELLIGENCE 
Sometimes non-verbal tests are used as a matter of neces- 
sity, e flf to test immigrants who have httle command over the 
language used in the test. But, apart from this, it is necessary 
to mvestigate (1) whether the ability measured by the usual 
verbal tests of mtelligence is the same as that measured by 
certain non-verbal tests, and (2) if it is the same, which gives 
the truer measure. 

Important researches by Davey,* Lme,* Fortes,® and 
Stephenson/ from the laboratory of Professor Spearman have 
thrown much bght on these matters Davey concluded that a 
verbal mental test measures the same general factor “g” as 
does a test similar m form but non-verbal in material, e.g. 
pictures Later, Lme constructed a senes of non-verbal per- 
ceptual tests. Confining himself to the eduction of relations he 
discovered that his perceptual tests correlated as much as 0-89 
with “g” Here, then, is the possibility of constructing a truly 
international test of mtelligence which promises to be an 
improvement on the usual types of performance scales of in- 
telligence Mention must also be made that considerable pro- 
gress m this direction had also been made by Dodd® in Amenca. 
Fortes earned the work of Lme a step fisher by employing 
tests which were more complex m form and demanded the 
eduction of relations and correlates. His results corroborated 
those obtamed by Davey and Lme using other perceptual 
tests. Fmally, some recent experiments by Stephenson corro- 
borated those of Davey, Lme and Fortes as to the absence of a 

1 Coiutance M Davey, “A Companson of Group Verbal and Pictorial 
Teste of Intelligence”, Bnt Joum. of Ptydtol vol 17, 1926 

• W. Line, “The Growth of Visual Perception in Children”, Brt< Joum of 
Psychol Mon Supplt vol. 15, 1931 

• M Fortes, “A new Application of the Theory of Noogenesis to the Problem 
of Mental Testing”, Pb D Thesis, Umv of London, 1930 Cf also “Perceptnal 
Tests of General InteUigence for Inter-Racial Use”. Trans, of the Soy Soc. 
of South Africa, vol 20, Part 3, 1932 

‘ W Stephenson, Joum of Sduc. Psychol vol. 22, pp. 167-185, 255-267, 
and 334-350, 1931. 

‘ S. C. Dodd, International Group Mental TeSs, Pnnoeton, N.J., 1926. 
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factor common to the non-verbal sub-teats other than “g”. 
But, on the other hand, he found indications of a group factor 
extending throughout the verbal sub-tests. 

Gowda 1 employed a battery of eight non-verbal tests of in- 
telligence, namely. Identity, Digit-Symbol, Most Unlike, 
Analogies, XO Senes, Thurstone A, Thurstone B and Four- 
acre’s Geometry Test which proved suitable for children aged 
eleven and twelve, the correlation with “g” being 0-90 On 
working out the 210 tetrad differences it was found that the 
tetrad cntenon was satisfied. 

Gowda also employed verbal tests of mtelligence, namely, 
Tomlinson’s “WestRidmg” ScaleaswellasKarve’sFluencytests 
with the same subjects and the evidence suggested the presence 
of a factor, other than “g”, common to the verbal tests of m- 
telhgence and the fluency tests, and this factor appeared to be 
more on the associative than on the imagmative side of fluency 

The further conclusion was drawn that the factor or factors 
involved in fluency tests and verbal tests of intelligence make 
small but significant contributions to success m school, 
examination marks m English, Arithmetic, History, Goegraphy 
and Science being pooled as a measure of school achievement. 
There is need of further research mto the nature of both the 
“fluency” and the “verbal” factor 

This need is emphasised when it is pointed out that pupils 
from poor homes or districts, when tested by the usual verbal 
type of test, may occasionally be handicapped owmg to their 
relative backwardness m verbal ability. This danger is at least 
reduced by the use of non-verbal tests But it is not to be con- 
cluded that the distribution of intelligence in the commimity, 
when measured by non-verbal tests, will be found very different 
from that given by means of verbal tests. 

Sumithra* employed a battery of non-verbal tests of in- 
telligence in “superior”, “average” and “inferior” districts. In 
the schools selected the distribution was similar to that found 

1 A.C D Gowda, “Some HentalDetenmnantB of SoholastioAohievemeiit", 
M.Ed. Theeis, Umv. of Leeds, 1932. 

> D. Snnuthia, “An Experimental InTeetigation mto the Distribution of 
Intelligence m Different ^hools Means of Non-verbal Tests”, M EM. 
Thesis, Umv. of Leeds, 1933. 
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by investigators who used verbal tests. Thus Tomlinson,* using 
verbal tests, found the percentage of boys who had an I Q. 
of 100 or above to be 68, 48 and 19 m “good”, “average” and 
“poor” schools respectively. 

Sumithra’s Spatial Overlappmg Test is an example of a test 
which may be regarded as non-verbal once the instructions 
have been understood. It is a modification of the simpler test 
of Stephenson * or indeed of the well-known test of Abelson,® 
another pupil of Spearman. “The overlappmg figures consist of 
some or all of these — triangle, square, rectangle, circle and 
pentagon (five-sided figure). Below the pair all the five figures 
are given in small sizes You are to draw a line across these small 
figures wAtch do not contain the cross tn either of the pair above." 



Another non-verbal test, not yet published, was devised 
by Islam. It is called the Moving Piece Test * 

QUESTIONS 

1. Below IB Eifion W 3 ti ’8 “Bi^yn” to Heather Flowers. 
Assuming that you are not acquainted with the character- 

‘ T. P. Tomluuon, op. at. 

’ W. Stephenson, op at. 

' A. R. Abelsott, “The Measorement of Mental Ability of Backward 
Children”, Bnt Jown of Psychol toI 4,1011. 

* F. Islam, “An Experimental Inreetigation mto the Comparative 
Validity of some Non-Verbal Tests of Intelligence”, H A. Tbesia, Univ. of 
Leeds, 1034. 
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istios of an “englyn” nor with the Welsh language, write 
down all the peculiarities which you note in its structure: 

“TIwb eu tw, haws tawel, — geman teg 
Gwmwd haul ao awel, 

Grog glyohau’r oreigle nchel, — 

Fflnr y main, — ^phiolau’r mel.” 

What relations were educed* 

2. Do you know the exact meaning of every word in the 
passage given below* If not, state what you do not know or 
are in doubt about. 

“A tiger with tastes anthropophagons 
Felt a yeanung inside his oesophagus. 

He spi^ a fat Brahmin 
And cried ‘Where’s the harm m 
A penpstetio aarcophaguB.' ” 

(This method of self-cnticism is an excellent way of master- 
ing a psychological textbook, especially when several join 
m; not only is the extent of ignorance ascertamed but also 
the extent of self-awareness of ignorance.) 

3. Examine the contention that the Bmet-Simon Scale is too 
verbal to constitute a reliable measure of general m- 
telhgence. 

4. To what extent does abihty m educing one kmd of relation 
correspond to the ability m educing another kmd* 

5. A boy, aged 6 years 10 months, said; “The oval relation to a 
square is an oblong”. (By “relation” he meant a relative, 
eg. a, brother.) Consider how the boy may have educed the 
statement. 

6. Examme the following queries of a boy, whose age is given 
in brackets, with reference to the possible kmds of relations 
which he may have educed. 

(a) “How did the parsmps get dirty?” When told they were 
obtained from the ground, he asked: “Why do they not 
grow on trees?” (3 yrs. 6 mo ) 

(&) In his bath he asked: “Why is the soap brown and the 
soap coming off it white?” (3 yrs. 6 mo.) 

(c) “Why is there wax in your ear?” On being told, “To 
prevent dirt from going to the part you hear with”, he 
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then asked: “Is it the same part as you hear with the 
other ear, or is there another for the other ear?” (3 yrs. 
7 mo.) 

(d) “Why haven’t watches got alarums?’’ (4 yrs. 1 mo.) 

(e) “If 8 comes after 7, why is it that Mrs. X’s house (i.e. 
No 9) comes after ours (».e. No. 7)*’’ (4 yis. 2 mo.) 

7. Consider how a boy, aged 4 years 1 month, comes to use the 
phrase “very very sometimes” to mean “rarely”. 

8. Discuss the followmg statement: The measure of a child’s 
mtelhgence is his abihty to educe relations and correlates. 

Note . — Examples of children’s “Why” questions may be 
studied m (1) J. SuUy, Studies of Childhood, 1909 ; (2) W. 
Stem, Psychology of Early Childhood, 1924; (3) J Raget, 
The Language and Thought of the Child, 1926, {4) J Piaget, 
Judgment and Reasoning in the Child, 1928; (6) J Piaget, 
The Child’s Conception of the World, 1929; (6) J Piaget, The 
Child’s Conception of Causality, 1930; (7) J. Piaget, “Re- 
trospective and Prospective Analysis m Child Psychology,” 
Bnt Joum. ofEduc P8ychol.,-vol. 1, 1931; (8) “The Scientafic 
Interests of a Boy in Pre-School Years by Two Parents”, 
Forum of Education, vol 6, 1928, (9) K. Buhler, The Mental 
Development of the Child, 1930, (10) S Isaacs, Intellectual 
Growth in Young Children, with Appendix on Children’s 
“Why” questions by N. Isaacs, 1930 
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CHAPTER 9 


A SCALE OF WIT 

Materials— Fifty typed copies of Senes A and of Series B, 
each consisting of eighteen stones Suitable subjects — Standard 
VIL children. 

Instructions (to be given orally by E to the class).— 
“There are 18 httle stones in the test 1 am gomg to give to you. 
Most of them are jokes taken from newspapers or humorous 
magazmes. Your task is to wnte down bnefly on your answer 
sheets what is the pomt of each story. In other words, what 
exactly in each story makes it a joke Some can see the pomt 
of a j'oke much better than others You may think that some of 
the stones are poor jokes, but even so, try to wnte down 
exactly why each is supposed to be amusing If you do not see 
any point m a story, do not spend too much time on it, but 
pass on to the next. Remember to number your answers cor- 
rectly. Do not waste tune trymg to wnte neatly Make your 
answers short, even one sentence is often ample Do not wnte 
anything on the question paper. If you have heard any of the 
stones before, put a big cross to the left of your answer I shall 
now write a story on the blackboard to make the test clear 

The rabbit multiphes very rapidly but it takes a snake 
to be an adder. 

Put your hands up all those who see the pomt of this story.” 
(E should wait until the majonty have put up then hands 
before asking a particular pupil to answer.) 

“I shall now wnte another story m the same way: 

An old beggar had a board suspended from his neck, 
inscribed: 'Blmd from my birth' Another beggar, readmg 
the inscnption as he passed, was heard to remark. ‘Well, 
well' There’s a chap who started young m busmess.’ ” 

(E again gets a show of hands as before.) 
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Answer sheets are then distributed and each pupil writes 
his name, standard and exact date of birth at the top. 

Series A is then distributed face downwards. At the signals 
“Ready. Go!”, the pupils turn over the question papers and 
start. The time allowed is thirty minutes. After the signal 
“Stop” IS given the papers are collected. 

Series B should then be done in the same way, but illustrative 
examples are now unnecessary. The answers should then be 
marked by the students, but it is advisable to agree before- 
hand on a system of marking Two marks may be awarded for 
each satisfactory answer and one mark only for a mediocre 
Cases sometimes occur when it is difficult to say whether the 
point of the story has been apprehended, but on the whole the 
teats were fairly easy to mark even if they could not be marked 
with the rapidity which is associated with group tests of m- 
telhgence. But the student is amply repaid for the extra ex- 
penditure of tune by the greater insight gamed mto the 
children’s outlook Greater still is this insight when mdividual 
children are asked to read these stories It is then also possible 
to ascertain when they are handicapped through ignorance of 
some word or phrase occurrmg m the context 
Note — When the tests are taken with adult subjects, the 
following alternative method is suggested. Let them be 
divided mto pairs of Es and Ss. E directs S to read each story 
in Senes A, only one story to be visible at a tune, and to put 
up his hand immediately he sees the point of the story. The 
tune, taken from the pomt at which he finishes the readmg 
until he puts up his hand is measured with a stop-watch. For 
senes B, E and S interchange. It is, of course, advisable for E 
to ascertam what S regards as the pomt of each story. 

SEBIES A 

1 A dyer, in a court of justice, being ordered to hold up his hand 
that was all black; “Take off your glove, fnend”, said the judge 
to him. “Put on your spectacles, my lord”, answered the dyer. 

2 A lady’s maid told her mistress that she once swallowed several 
pins together. “Dear mel” said the lady, “didn’t they kill 
youl” 
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3 When Albert Smith — a well-known lecturer — signed a news- 
paper article with the initials A S , Douglas Jerrold asked him 
why he had told only two-thirds of the truth 

4 At a shop-wmdow m the Strand there appeared the following 
notice “Wanted, two apprentices, who will he treated as one 
of the family”. 

5 LadyCustombb “How much are grouse today ^’’Poultbbbb; 
“Twelve shillmgs a brace, ma’am Shall I send them^” Lady 
C usTOMBB. “No, you need not send them My husband’s out 
grouse-shootmg and he’ll call for them as he comes home” 

6 The mother of a student sent her son a new black overcoat 
with a letter in the pocket, which began thus; “Dear John, 
look in the pocket of the coat and you will find this letter” 

7. A lady said to Dr Johnson that a piece of music which was 
being played was very difficult He repbed “I wish it had been 
impossible” 

8 After reading Rousseau’s Ode to Postenty, Voltaire remarked: 
“This poem will not reach its destination” 

9 When O’Connell was walking by the River Wey with a fnend, 
the latter remarked that a plant he had ]ust taken from the 
nver was a very rare one O’Connell said “It is an out of the 
way one at any rate” 

10 A Scotchman went to see Niagara Falls “Did you ever see 
anything so grand^” demand^ his fnend The Scotchman 
replied “Well, as for grand, I maybe never saw anythmg 
better, but for queer, man, do you know, I once saw a peacock 
with a wooden leg” 

11. Dban (who IS about to be made a bishop, but who always 
travels 3rd class) “I once was a curate, my fnend” 

Fabmsb: “Dnnk, I suppose” 

12 At a dinner-party a Mr Breach requested Tom Hood to pro- 
nounce his name as a disyllabic, thus, Bre-ak. A few minutes 
later Hood said “Mr Bre-ak, would you be so good as to re-ak 
me a pe-akl” 

13 “Madam,” said the dignified gentleman, “your dog bit me on 
the ankle ” “He did”, cned the lady “Oh, I must send for a 

doctor!” “Oh, I assure you it isn’t as bad as ” “You’re 

the third person he’s bitten today”, broke in the lady; “I’m 
sure he can’t be feebng well ” 

14. A Norfolk man has been fined for beating a boy with a codfish 
He shouldn’t have used a codfish 

16 Notice in a baker’s window. “I am unable to reduce the cost 
of my bread without redncmg its quahty This I cannot do.” 
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16. In the parlour of a public-house in Fleet Street there used to 
be written over the chimney-piece the following notice- 
“Gentlemen leanung to spell are requested to use yesterday’s 
paper”. 

17 A commercial traveller came down to breakfast m a country 
hotel, and the waitress said “There is beans, pork, cranberry 
pie, mincemeat, and apple pie” The commercial traveller said 
he’d take beans, pork, cranberry pie and mmcemeat “Say, 
mister,” said the waitress, “tell me what is wrong with the 
apple pie ” 

18. The following notice is to be found in an electric station in 
Bristol- ‘ ‘ Beware’ to touch these wires is instant death Anyone 
found domg so will be prosecuted ” 

SEBIBS B 

1. Patrol-leader to his Scouts “When I say ‘one’ nse on your 
toes, when I say ‘two’, bend your knees, when I say ‘three’, 
jump in the air, when I say ‘four’, you come down again” 

2 A newsboy inquired at a nursing-home “Do you take m the 
Daily MaiV*’’ To which query the new maid rephed “No, we 
take in the weakly female” 

3 A governor of a city bought a tomb, and said, “No living soul 
shall be buned under it, save those of my own family”. 

4 A Philadelphia Banker distmguished himself by giving a 
supper-party at which monkeys mixed with the guests To 
avoid confusion, the guests wore evemng dress 

5 Lord Gough, after his victory over the Sikhs, was asked what 
were the relative strengths of the opposing armies “They 
were Sikhs, and we won”, replied he 

6 An Enghsh admiral once ate an orange after breakfast, instead 
of before it, as is the American custom One Amencan lieutenant 
said “Admiral, why don’t yon eat your orange before break- 
fasti” Another Amencan rephed “Oh, that’s what William the 
Conqueror used to do”. 

7. “Sirrah,” said a judge, to one brought before him, “you are an 
arrant knave ” ^id the prisoner: “Just as your Wor^p spoke, 
the clock struck two”. 

8 Father (reprovingly). “Do you know what happens to liars 
when they ie?” Johnhy: “Yes, sir; they he stiU”. 

9. An Englishman entered an Amencan Restaurant with the 
temperature 60 below zero and said, “Waiter, bring me an iced 
lemonade”. The waiter rephed, “We’re out of lemonade, how 
would you like a pair of hnen trousers?” 
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10 Fathbe “Goodness, what have you done, child*” Fbank: “I 
fell into the canal”. Father “What' With your new trousers 
on*” Frank “I didn’t have time to take them off” 

11. It IS said of the dwellers on the banks of some of the nvers 
of Bntish Columbia, concemmg the fish they catch, that what 
they can they eat, and what they can’t they can. 

12 General (at manoeuvres)* “Why didn’t you send your men to 
the left*” Lieutenant. “I gave the order. Sir, but apparently 
I’ve been misunderstood” General “Sir, a man who can’t 
make his subordinates understand him is a fool. Do you under- 
stand me?” Lieutenant* “No, Sir” 

13 The following epitaph was once seen in Ireland “Erected to 
the memory of John Moran, accidentally shot as a mark of 
affection by his brother” 

14 Somebody asked why B stood before C “Because”, said his 
friend, “a man must B before he can C ” 

16. “Have you the rent ready?” “No, sir, mother’s gone out 
washmg and forgot to put it out for you ” “Did she tell you 
she’d forgotten?” “Yes, sir.” 

16 A passenger waiting for a tram at a station, noticed a cat 
without a tail “Manx?” he mquired, pomtmg a finger at the 
animal “No”, said the stationmaster, “twelve-thirty express ” 

17 The horse ndden by an Inshman began kicking violently and 
at last caught its hmd leg in a stirrup “Faith”, said the 
Inshman, “if you want to get on, it’s time for me to get off ” 

18 A man had just built his own house “Why, the chimney isn’t 
straight,” said his fnend, “it leans over to the left” “Yes,” 
said the man, “but if you go round to the back of the house, 
it leans over to the right, so it must be straight ” 

DISCUSSION 

Wit and humour are notably difficult to define. Mark 
Lemon’s conviction was that the attempt to define wit was 
like that to define beauty. Bernard Shaw wrote. “There is no 
more dangerous hterary symptom than a temptation to write 
about wit and humour. It mdicates the total loss of both ” 
This mdeed if taken senously would imphcate at a stroke most 
of the greatest figures in philosophy and literature* Thus John 
Locke distinguished sharply between wit and judgment: “For 
wit lies most in the assemblage of ideas and putting these 
together with qmckness and vivacity, whenever can be found 
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any resemblance or congruity, whereby to make up pleasant 
pictures and agreeable visions of fancy; judgment on the con- 
trary, hes quite on the other side, m separating carefully, one 
from another, ideas wherem can be found the least drSerence, 
thereby to avoid being misled by simihtude, and by affimty to 
take one thing for another.”^ 

Hazhtt, however, disagrees with Locke and very plausibly 
holds that “The shrewd separation or disentanglmg of ideas 
that seem the same, or when the secret contradiction is not 
sufficiently suspected and is of a ludicrous or whimsical nature, 
is wit ]ust the same as the bringing together those that appear 
at first sight totally different”.* An mterestmg question sug- 
gests itself Does the wit and the appreciator of wit m others 
tend to be the same person^ A pnon, one might expect the 
wit to appreciate wit m others, but that the converse need not 
hold It IS a question on which some hght may be shed by 
experimental methods. 

Turning to modem authors there are two m particular who 
have propounded original views on the nature of wit. Bergson 
compares the wit with the poet In a broad sense he mamtains 
that wit is a certam dramatic way of thinking. In every wit 
there is something of a poet, but whUst poetic creation de- 
mands some degree of self-forgetfulness, the wit is not usually 
capable of this for he is not wholly engrossed m the business 
because he only bnngs his mtelhgence into play Bergson® 
holds that the poet would turn into a wit by sunply resolving 
to be no longer a poet m feeling, but only m mtelhgence. His 
readers are, however, left in grave doubt as to whether the poet 
could successfully carry out this resolve. In discussmg wit m 
the restncted sense, Bergson contents himself by merely 
defining wit as a gift for dashing ofi comic scenes m a few 
strokes. 

Freud subdivides wit mto “harmless” and “tendency” wit, 
the latter mcluding obscene, hostile, cynical and sceptical wit. 
He clftims that wit can be solved by the same mechanisms as 

* J Locke, An Essay eoncerntng Human VnderOandxng, toI. 1, p. 203. 

* W Hszbtt, Lecture on WU and Humour, 1818, p 19. 

* H. Bergson, Laughter, 1921, p. 106. 
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dreams and the neuroses, and holds that the pleasure created 
by wit corresponds to the economy of psychic expenditure m 
inhibition Greig, however, pomts out that “the misconception 
of wit as economismg psychic expenditure arises through con- 
fusion of speed with force. We have it on good authonty that 
brevity is the soul of wit. A really effective witticism does its 
business in a flash. Sut speedmg up behaviour m this way is 
not the same as economismg effort; quite the contrary More 
has to be got through m a given time, and that can only be 
done in human endeavour as with a piece of machmery by 
mcreasmg the pressure on it It is precisely for this reason that 
wit IS notoriously fatigumg” ^ Greig, however, agrees with 
Freud that wit is a compressmg tendency. The last two sen- 
tences m Freud’s remarkable book are as follows: “The 
euphoria which we are thus stnving to obtam is nothing but 
the state of a bygone tune m which we were wont to defray 
our psychic work with slight expenditure It is the state of our 
chil^ood m which we did not know the comic, were incapable 
of wit, and did not need humour to make us happy.” • Such a 
statement would possibly appear more convincing if elucidated 
more fully’ 

For the purposes of the present chapter it was considered un- 
necessary to accept any exact definition of wit. A collection has 
merely been made of stones which would be considered to involve 
sound-wit, play on words, the wit of caricature, characterisa- 
tion wit, distortion, witty repartee, absurdities and the bke. 
Even the pun was mcluded m spite of the severe stnctures of 
Addison and Johnson Some may be considered chfidish almost 
to the point of iuamty, others perplex the majontyof university 
graduates But it appeared necessary to choose such stones as 
would cause the child at least a momentary hesitation before 
the point was seen. For this to the writer seems a characteristic 
of wit no matter what theory be held concermng it In addi- 
tion, the stones should be as short as possible, for not only is 
brevity the soul of wit but the exigencies of experimentation 

1 J. Y. T Qreig, The. PtyeluAogy of Laughter and Comedy, 1923, p. 216. 

' S. Fiend, Wtt and RekUton to the Vneonsaous, trans. by A A. Bnll, 
1916, p. 384. 
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also demand it. Fmally, in order to obtam a more genetic 
pomt of view, the tests were given to classes differing appreci- 
ably in age. Not only were they given to a class of Standard 
VII. boys m an elementary school but also to a Standard V (b) 
boys m the same school as well as to a Form 6a of secondary 
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school boys.i They ^gre also given to men and women grad- 
uates, as even m their case it was nghtly presumed that some 
of the stones would cause some perplexity. The following table 
shows the degree of difficulty experienced by the various groups 
in answermg each item of Senes A and B, the figures denot- 
ing the percentage of correct answers. 

The foUowmg table shows the range of marks m each group: 




Lower 

QuartUs* 

Median 

UpjieT 

QuartUe 


Standard V (b) 

2 

7 

12-6 

16-6 

33 

Standard VII. 

6 

24 

30 

36 

64 

Form 6a 

25 

37 

42 

60 

60 

Graduates 

43 

64 

60 

63 

68 


In Standard V (b) lack of understanding of the language makes 
it impossible for several of the pupds to appreciate some of 
the stones Thus poor comprehension is responsible for the 
followmg answers: 

B4 “Foolish because a guast is a spint” (evidently “guest” was 
read as “ghost”) 

B7 “you cannot worship spoke” 

Doubtless many in this class who saw the point of some of the 
stones were yet unable to give it expression in words 
The power of expression, however, improves much by the time 
Standard YU is reached Nevertheless some lack of comprehension 
IB still responsible for many cunous answers in the case of the 
Standard boys and of the secondary school boys, and occasion- 
ally even of graduates The following specimens illustrate how 
“far-fetched” were some of the answers obtamed' 

Standard Y (6) 

A1 It IS funny because the man who was m court put a glove 
on his black hand so that the dirt would not be seen. 

B4 Foolish because a guast is a spirit 
B7 You cannot worship spoke. 

B16 Foolish because he can’t see the time on a cat’s tail 
^ The writer must express his thanks to Mr Whatmoor, then Headmaster 
of the Blenheim School, Leeds, and to Hr. Darlmg, then Headmaster of the 
West Leeds High School, for permission to give &e teats 
• Cf Chapter 23 
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A5' Lady thought he meant braces you have on your trousers. 
A13: She thought that the flesh the dog had taken out of the 
man’s leg was had. 

A13 The dog can be well and bite people at the same time. 

Bll Ton can’t eat flsh if you have not got it. 

Form 6a 

A3 Smith when an S has been taken off becomes mith which 
means a fairy tale. 

A3 Douglas Jerrold should not know that it was Albert Smith 
from only seemg the imtials 

A8. Will not go to the poor (presumably confusing poverty and 
posterity) 

A8 Poems cannot walk 

A8' The poem would not have descendants. 

A8 He possibly thought it was Road to Postenty 
AlO The peacock might only have found the wooden leg 
AlO The peacock was not bom with a wooden leg. 

All The farmer thought he cured himself of dnnk. 

A14 The boy had the codfish 

A14 “Beating” means “getting it before him”. 

A14 Cod 18 rather expensive. 

A17* She said apple'pie last and the commercial traveller showed 
hiB worst things last 

B6 They were all battling Siki’s (peat borer). 

B6 He meant William of Orange 

B7. He was not speaking the truth as Peter m the Bible when 
the cock crowed 

B7 Why wasn’t the clock brought up at court, it struck two? 
Bll What they can catch they can eat, they can eat anything 
B13: His brother put him out of misery. 

Graduates 

A8- Postenty has no end or destination, play on word posterity 
All Thought curate meant man who cures 
A14' Cruelty to codfish but not to boy. 

B4 To avoid confusion between guests and family, though it 
reads as if between monkeys and guests. 

B6. Infemng that the Sikhs were naturally weak. 

B5 Sikhs pronounced sick. 

B5. This imphes that the Sikhs were strong, but as they won 
they must be stronger. 
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B6. William the Conqueror died. 

B6 Orangee were not discovered then. 

B7 No point m prisoner’s answer — absurd. 

B7. Hadn’t heard the judge 

B16 Thought he meant place train was going to 

B16 Absent-mmded stationmaster speaks of tram 

B16. Stationmaster’s mind on tram, answer to question he 
expected given to another. 

The conclusion seems to be that when the pomt of a story is 
not apparent, the mind m actively searchmg for a clue often 
fastens on qmte an irrelevant detail which is accepted as the 
solution on very inadequate grounds. The extent to which this 
is done might well furnish a measure of S’s suggestibihty in a 
very real sense of the word, but it would be hard to disentangle 
the factor of suggestibihty from that of “intelhgence”. 

Another conclusion is that the appreciation of puns or, more 
generally, of play on words is but httle developed in Standard 
V.(6). It leaves much to be desired m Standard VII., and even 
in Form 6a of the secondary school it is distmctly below the 
standard attained by most graduates 

Lack of comprehension of words and phrases makes it diffi- 
cult for most children in Standard V to appreciate the msjonty 
of witty stones of a character s imil ar to those given m these 
tests 

Before such stones could be smtably chosen for children in 
this class it is necessary to possess a considerable knowledge 
of their mentality. These conclusions refer mainly to the written 
word and must not be taken to imply that children aged four 
or five cannot appreciate simple play on words m conversation. 

[There is still need for investigations to asoertam what 
meanings are given by children and adolescents to words m 
common currency. An important mvestigation by Presswood,^ 
the results of which are not yet published, suggests that many 
adolescent boys, who do not proceed to the secondary school, 
show httle or no advance in their comprehension of words 
during the two years after leaving the elementary school. If 

*■ R. E. PresRwood, '‘An Expenmeotal Study of Conoepto in Adoleacence.” 
M.Ed. Thesis, Umv. of Leeds, 1934. 
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the ooncept-fonning process is not sufficiently developed at 
fourteen years, then the argument for raising the school-leaving 
age to fifteen receives further justification.] 

It is sometimes held that wit is relative, not only to class, hut 
also to locahty Thus Chesterfield wrote that wit is relative to 
class and locahty and that wit, humour and jokes thrive m a 
particular soil and wiU not often bear transplanting. It would 
be possible to check such statements by givmg a series of tests 
to children from widely different locahties. A preliminary 
survey by the present writer seemed to mdicate that locahty 
as such plays an insignificant part, if any, in comparison with 
the paramount factor of “general mtelligence”. 

Another writer ^ goes so far as to state: “A man is born to 
see a particular sort of joke; or he is not You cannot educate 
bim into seeing it ” Such a statement, however, appears to be 
behed by the fact that the capacity to enjoy the comic press 
of some countnes can be acquired by foreigners who at first 
fail to appreciate it. 

QUESTIONS 

1. Attempt a classification of witty stories 
2 From actual examples of each type of witty story, consider 
which of Spearman’s relations have to be educed, and refer 
to the correlate findin g you find mvolved m each. 

» J Palmer, Comedy, p 6 
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FLUENCY OF ASSOCIATION AND IMAGINATION 

DiRBCnoNS. — “I want you to write as many nouns as you can 
which begm with a certain letter of the alphabet. You will be 
allowed only two minutes I shaU pronounce the letter and 
simultaneously write it on the blackboard, then you should 
start immediately.” 

Note — This test should be repeated with four different 
letters. Those recommended for use are those which are given 
in the account of Karve’s tests in this chapter. 

Each S should write his introspections and refer to the diffi- 
culty of the task. As arranged above, the test can be used as a 
group test, but if taken as an mdividual test the nouns could 
be spoken instead of written and the time allowed might be 
halved. 

If time allows, other tests taken from the senes by Earve 
should be performed. 

DISCUSSION 

The word “fluency” seldom appears m the index of a 
psychological textbook, yet there are indications of the need 
for some such word. According to the dictionary “fluency” 
means a smooth easy flow, especially m speech. And Steele in 
the Tatler wntes that “a man of weak capacity, with fluency of 
speech, triumphs over you”. It is of course true that individuals 
are most fluent when conversmg on matters within their in- 
terests and that many are struck dumb once the discourse 
touches on unfamiliar topics, e.g. “Everything he speaks smells 
of gunpowder; if you take away his artillery from him, he has 
not a word to say for himself”.^ That, after all, is not only 
natural but sometimes desirable, for who has not met the bore 
who is equally fluent on all subjects however colossal his 
ignorance. Steele’s and Addison’s ridicule of the mere courtier, 

1 Richard Steele and Joseph Addison, 8vr Roger de CooerUy. 
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the mere soldier, the mere scholar or the mere anythmg, as 
insipid, pedantic characters does not mean that the chatterbox 
would meet with kmder treatment at their hands. Dean Swift ^ 
also was of opimon that “The common fluency of speech m 
many men, and most women, is owing to a scarcity of matter, 
and a scarcity of words; for whoever is a master of language, 
and hath a mind full of ideas, will be apt, in speaking, to 
hesitate upon the choice of both; whereas common speakers 
have only one set of ideas, and one set of words to clothe them 
in, and these are always ready at the mouth. So people come 
faster out of a church when it is almost empty, than when a 
crowd is at the door”. It is therefore probable that these 
famous essayists would have condemned, and nghtly, any 
tests which purported to test mteUigence if success in them 
depended on mere fluency. 

A speaker is deemed fluent if he has command over language 
and can express his thoughts easily without pause. The pro- 
fundity of his discourse is not particularly taken mto con- 
sideration as long as he IS talkmg “sense”. The listeners give no 
thought to the hours or days which the speaker may have 
needed in order to attam bis heights of mellifluence. Similar 
considerations apply to the case of the fluent writer and his 
readers But granted that an apparently fluent speaker or 
writer may not be innately fluent, it may nevertheless be 
possible to obtam considerable information if the individual 
m question is closely observed It is not difficult to ascertain 
who can make an impromptu speech or rapidly pen a letter to 
the press. It is not difficult to pick out those acquamtances 
who are voluble or taciturn But merely to label Smith voluble 
and Brown taciturn does not satisfy the psychologist One 
psychologist might hold that there is a relation between volu- 
bility or fluency of speech and fluency or qmckness in other 
operations, and that there is a general speed or fluency factor. 
In that case mental speed would constitute a functional unity 
so that a person who is quick m one mental process would show 
a similar quickness m other mental processes, qmte apart from 
the degree of intelligence which he may possess. 

1 Jonathan Swift, Thought* on Varums Subject*. 
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A aecond psychologist might deny this and hold that Smith’s 
volubihty IS merely a rather specific verbal ability, a skill in 
using words which may show his mental capacity m altogether 
too flattering a light Has not Healy introduced the term 
“verbalist” to characterise the individual whose capacity to 
use language is very much above his ab±ty m other wayai 
A third psychologist might identify fluency with intelhgence. 
A fourth might vigorously oppose such a view and draw an 
emphatic distmction between those who can think quickly 
and those who can think well Such appears also to be the 
view of Landor the essayist. “Qmckness is among the least of 
the mmd’s properties and belongs to her lowest estate The 
mad often retam it; the liar has it, the cheat has it; we find it 
on the race-course and at the card table Education does not 
give it and reflection takes away from it.” 

Fortunately the experimental evidence available appears 
sufficient to enable us to decide between these various hypo- 
theses The real facts are somewhat complex and are not such 
as might have been surmised on a pnort groimds Thus the ex- 
perimental approach serves both as the testmg furnace of 
hypotheses made and also as the fount for formulating further 
hypotheses The discussion will be made clearer when it is 
realised that fluency has a noetic aspect and a reproductive 
aspect The former has to do with the influence of fluency or 
speed m tests of “intelhgence”, the latter with the influence of 
fluency m tests of “imagination”. A simple illustration makes 
clear the difference between the noetic or eductive aspect on 
the one hand and the associative or reproductive on the other: 

soot : black . : snow : 
black • soot : : white : 

The finding of the correlative “white” in the first example is 
eductive and there can be but one answer. 

The finding of correlatives like salt, snow, note-paper, etc., 
in the second example is reproductive 
Fluency in Eduction. — ^It is expedient to consider the 
former aspect first. It is obvious that tests of “intelligence” 
demand a certam power or goodness of response and also a 
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speed or fluency of response. And the connection between the 
goodness and the fluency is that of being interchangeable If 
the conditions of the case are such as to eliminate the influence 
of fluency to a large degree, then “g” measures goodness. 
When — as is most usual — ^both influences are m play, then “g” 
measures the efiB.ciency compounded of both Neither goodness 
nor fluency constitutes a group factor or produces specific cor- 
relation. ^us the view that some persons are on the whole 
unable to think quickly and yet are quite able to think clearly 
would seem to be a most grave error. 

Fluency in Reproduction — ^But this failure to substan- 
tiate a fluency factor m its noetic aspect does not mean that a 
fluency factor does not exist elsewhere Indeed the research of 
Hargreaves ^ defimtely pomts to a fluency factor m its repro- 
ductive aspect m the sphere of imagination. 

The results of Hargreaves obtained corroboration from the 
experiments of Karve * who apphed the f oUowmg seven tests 
to 33 boys m Standard VI in one school and 35 girls m Standard 
VI m another school in Leeds 

1. Nouns Test. — “I want you to write as many nouns as 
possible in two minutes, begmmng with a certam letter Start 
immediately after I give you the letter.” 

The letters P, T, S and H were used. 

2. Unfinished Stones — “I am gomg to give you the begi n ning 
of a story and I want you to wnte the story completely m your 
own words You are to wnte the longest story you can, because 
the longer the story is the more marks you will get, provided that 
everything you wnte has something to do with the story ” 

Twenty minutes allowed for each. 

(а) “A boy was so late coming home from school one day that 
bis parents got very anxious. At last he arrived safe though 
very tired, but with only one boot and no cap, and told them 
what had happened which was this* when he left school . . .” 

(б) “A small girl, after her first visit to the Zoo had a very 
strange dream She dreamt that . . .” 

‘ H. L Hargreaves, “The ‘Faculty’ of Imagination’’, Bnt Joum of 
Psychol Monog Suppl. No 10, 1927 

• B D Karve, “An experimental Investigation of ‘Fluency’ in School 
Children’’, M Ed. Thesis, Umv. of Leeds, 1029. 
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3. CotUroUed Associations. — ^Time allowed for each, two 
minutes. 

‘^rite down as many names as you can of — 

(1) Things made of leather. 

(2) Things made of wood. 

(3) Things that we eat (not drink). 

(4) Flowers. 

(6) Animals. 

(6) Fruits. 

(7) Persons you have read about in history 

(8) Towns, cities or villages.” 

4. ’Picture Comjdetxon Test. — “Write down all the things 
you would put m the picture if you had to complete it ” 

Four unfinished pictures were used. Three nunutes allowed 
for each. 

6. Predictions. — “Wnte down as many different predictions 
as possible ” 

For practice and not to be marked: “What might happen if 
it became unnecessary for people to eat and drink?” 

The following four were us^ and five mmutes allowed for 
each. 

(1) “What would happen if everyone could walk and swim 
at the rate of 100 miles an hour^” 

(2) “What would happen if nobody had any teeth?” 

(3) “How might our life be different from what it is now if 
readmg and wntmg had never been mvented^” 

(4) “What would happen if there was no water on t his 
earth?” 

6. Ink Blots. — ^Four blots were selected from Whipple’s 
Test^ and greatly enlarged copies were made for group use by 
means of an epidiascope. They were exposed one at a time for 
two minutes, and the subjects wrote down as many names as 
were suggested to them by the blots. 

7. Free Association. — “Write as many different words as you 
think of.” Six minutes allowed. 

Karve found the reliability of each of these tests to be satis- 
factory, e.g. in the case of the boys the coefficients of reliabihty 
‘ O. M. Whipple, ioe. ct(. vol 2, p. 254. 
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of the seven tests were 0-78, 0-62, 0*78, 0-74, 0-71, 0-84, 0-88 
respectively. On ehrmnating “g”, a table of partial inter- 
correlations was obtained Then the median value of the tetrad 
diflerences was calculated, and also the probable error of the 
tetrad differences (cf Chapter 23). 

As a result it was concluded that there was a group factor 
operative m each of the above tests of fluency. 

Applications to Psychiatby. — When the present writer ^ 
apphed the Nouns Test to 23 cases of mama and 21 cases of 
melanchoha, the median marks were 17 and 10 respectively. 
The corresponding marks for the Blots Test being 16 and 8. 
These results seem to corroborate the general view that usually 
there is a fluency of associations m mama and a lack of fluency 
in melanchoha, but before drawmg defimte conclusions it 
would, of course, be necessary to get correspondmg measures 
from normal subjects drawn from the same milieu. 

QUESTIONS 

1 Discuss the vahdity as a measure of intelligence of the 
Binet-Simon Test which expects a child of eleven to give 
sixty words in three mmutes 

2 How would you ascertam if there is any relation between 
the fluency factor discussed m this chapter and the verbal 
factor mentioned in Chapter 8? 

3. Devise tests which might enable you to ascertam whether 
the fluency factor is operative even in cases where the 
verbal factor is almost or entirely absent. 

' LI. Wynn Jones, “Individual DiSetenoee m Mental Inertia”, Jown. of 
Nat Ijut of Industrial Psj/ehol vol. 4, No. 6, 1929, p 287, of. also Joum. of 
Mental /Science, October, 1928 
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KEACTION TIMES 

FREE ASSOCIATION (STRESSING FLUENCY) 

ExpenmerU 1. 

Materials. — Kent-RosanofF list of 100 words (cf. 6 H. Kent 
and A. J Rosanofi. A study of association in insanity, reprinted 
from Amer. Joum of Insanity, vol 67, 1910) 

The Self-Recording Chronograph, and the Tenth of a Second 
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Vibrator with Motor obtainable from Messrs C. P. Palmer 
(London), Ltd., 63a EfEra Road, Brizton, London, S.W.2 
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Directions — It is advisable to commence with the following 
experiment which pays regard to the qualitative aspect: S, with 
his back to E, is requested to respond as qmckly as possible to 
each word read by E by saying the first word that occurs to him 
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other than the stimulus word E starts the stop-watch as he 
fimshes readmg the word and stops it when S begins to respond. 
The first ten words m the Eent-Bosanofi list may be used. The 
results should be entered under the foUowmg headings m four 
colours: 

Stimulus Word Reaction Word Reaction Time Introspection 

After each response S attempts to trace how the reaction 
word arose, and his repbes are entered under the heading 
“Introspection” For the second ten words m the Kent- 
RosanoS list E and S change places Afterwards E and S 
should attempt to classify the responses accordmg to their 
nature 

After this prehminary work the pair should now set up the 
Self-Recording Chronograph which is smtable for the more 
quantitative study of reactions. The writer recommends the 
foUowmg procedure The 100 words of the Eent-Rosanofi list 
should be divided into ten lists of ten words, each list of ten 
words should appear m column on a piece of cardboard, each 
word being pnnted in capitals about a quarter of an inch high, 
and a space of one inch between each word. Actually eleven 
words appear on each sheet of cardboard, as each list is preceded 
by a wori not included in the Kent-Rosanoff list. The Kent- 
Rosanoff list is as follows. 
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(1) Table (11) Black 

(2) Dark (12) Mutton 

(3) Music (13) Comfort 

(4) Sickness (14) Hand 

(6) Man (16) Short 

(6) Deep (16) Fruit 

(7) Soft (17) Butterfly 

(8) Eating (18) Smooth 

(9) Mountam (19) Command 

(10) House (20) Chair 


(21) Sweet (31) Rough 

(22) Whistle (32) Citizen 

(23) Woman (33) Foot 

(24) Cold (34) Spider 

(26) Slow (36) Needle 

(26) Wish (36) Red 

(27) River (37) Sleep 

(28) White (38) Anger 

(29) Beautiful (39) Carpet 

(30) Wmdow (40) Girl 


(41) High 

(42) Working 

(43) Sour 

(44) Earth 

(46) Trouble 

(46) Soldier 

(47) Cabbage 

(48) Hard 

(49) Eagle 

(60) Stomach 

(71) Stove 

(72) Long 

(73) Religion 

(74) Whisky 

(76) Child 

(76) Bitter 

(77) Hammer 

(78) Thirsty 

(79) City 

(80) Square 


(61) Stem 

(62) Lamp 

(63) Dream 

(64) Yellow 

(66) Bread 

(66) Justice 

(67) Boy 

(68) Light 

(69) Health 

(60) Bible 

(81) Butter 

(82) Doctor 

(83) Loud 

(84) Thief 

(86) Lion 

(86) Joy 

(87) Bed 

(88) Heavy 

(89) Tobacco 

(90) Baby 


(61) Memory 

(62) Sheep 

(63) Bath 

(64) Cottage 

(65) Swift 

(66) Blue 

(67) Hungry 

(68) Pnest 

(69) Ocean 

(70) Head 

(91) Moon 

(92) Scissors 

(93) Quiet 

(94) Green 

(96) Salt 

(96) Street 

(97) Kmg 

(98) Cheese 

(99) Blossom 

(100) Afraid 


The following words are suggested as suitable for startmg each 
list: garden, wood, coat, pebble, mouse, pity, sky, grass, rain, 
swan. E now gives S the third list of eleven words, face down- 
wards, and at a signal S turns it over and gives as qmckly as 
possible the first word that occurs to him on seeing the first 
stimulus word. Without pause he does the same to the second 
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stimulus word and so on. Each reaction is registered by E by 
pressing the key E and S change places alternately until the 
lists have been completed 

CONSTRAINED ASSOCIATION (STRESSING RETENTIVITY) 
Experiment 2 

Directions. — Lists of easy French words are arranged in a 
column as in Experiment 1 and S is instructed to give the 
Enghsh equivalents as quickly as possible At each response E 
taps on the key as before For the next hst E and S mterchange 
places The following are two lists which may prove smtable. 

First list matm, quand, votre, cher, 6cole, pourquoi, frere, 
]our, fenetre, arbre, beaucoup 

Second list ici, maison, jamais, soleil, quatre, chien, tr&s, 
mamtenant, cheval, autre, oui 

Henmon^ found that such words can be correctly translated 
by more than 90 per cent of pupils who have studied 
French for one year Should S be unable to respond to any 
word, he should say “No” and immediately pass on to the next. 
The median reaction tune should be ascertained. 

CONSTRAINED ASSOCIATION (STRESSING NOEGENESIS) 
Experiment 3. 

Directions — As before, lists of suitable words should be 
prepared, eleven on each hst, and S is instructed to give the 
opposites to them as quickly as possible. At each response E 
taps the key. For the next list E and S mterchange places. 
Whenever S fails to respond he should say “No” and proceed to 
the next word and E notes at which pomts these failures occur 
BO as to leave them out of the calculations when necessary. The 
median reaction time is again noted 

THE SIMPLE REACTION 
Experiment 4 

Directions. — The gearing of the motor in this experiment 
should be arranged to furnish a speed such that the distance 

1 V. A C Henmon, “Standardised Vocabulary and Sentence Teeta m 
Prenoh”, Joum. oj Edvc. Research, toI. 3, 1931. 
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travelled in one-tenth of a second by the chronograph paper is 
appreciable. E’s key operates one magnet and S’s key operates 
another 

(а) “Natubal” Eeaction. — ^At the word “Ready” S sits with 
closed eyes, with his finger on the key. E then says “Now” and 
after an mterval of about two seconds taps sharply upon his 
own key S’s task is to press his key as soon after E as possible 
S then wntes his introspection with special reference to the 
composition of his motive and the direction of his attention. 
After ten experiments E and S change places 

(б) “Sensorial” Reaction — ^At the word “Ready” S closes 
his eyes and places his finger on the key as before But he is 
now told to attend to the sound of E’s key, and as soon as he 
hears it, he is to press his key as qtuckly as possible He is to 
pay attention to the sound and not to the pressmg of his key as 
that will look after itself After ten experiments E and S change 
places 

(c) “Muscular” Reaction — ^At the word “Ready” S closes 
his eyes and places his finger on the key But he is now told to 
pay attention to the pressing of his key as quickly as possible 
when the sound comes He is to attend to the intended move- 
ment and not to the sound After ten experiments E and S 
change places 

When the experiments are completed, the average reaction 
tune for the “natural”, “sensorial” and “muscular” reactions 
should be calculated, and also in each case the mean vanation 
But m order to get a comparison between “sensorial” and 
“muscular” reaction times, it is well to disregard the first senes 
of tests and then to allow for practice by the foUowmg pro- 
cedure; start with 25 “sensonal” tnals, then 60 “muscular” 
trials, and finally 25 more “sensonal” 

THE VERNIER CHR0N08C0PE 
Supplementary Experiment 

Materials. — Two pendulum bobs, two lengths of stout silk 
threads. Cast-iron base and upnght, with a clamp for attaching 
a cross-bar to which the bobs are suspended Two chps to serve 
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as reaction keys, the reaction consisting in releasing a bob from 
the jaws of a clip to which it is held by a thread. Stop-watch. 

Dibections. — E places one pendulum m position and re- 
leases it by pressmg the clip and counts the number of full 
swings m one minute The length of the thread is adjusted 
until there are 75 swmgs to the minute Hence the tune for a 
smgle swing is 0-8 sec E then repeats the procedure with the 
other pendulum until there are 77 full swings to the mmute, so 
that the time of a smgle swing is 0*78 sec approximately. It is 
then clear that the longer pendulum will make 39 full swings 
while the shorter is making 40 The plan of the expenment will 
now become clear After the word “Ready” S places his finger 
on his key and closes his eyes E then gives the signal “Now” 
and about two seconds later presses his own key which releases 
the longer pendulum S then presses his key m reply, and m so 
doing releases the shorter pendulum E counts the number of 
swmgs of the longer pendulum from the startmg of the shorter 
pendulum to the moment of complete comcidence of the four 
threads This number gives the reaction tune m fiftieths of a 
second as can easily be verified if the pnnciple of the Venuer 
18 applied. By such simple and mexpensive means then it will 
be possible to repeat the experiments on “natural”, “sensorial” 
and “muscular” reactions described m the last paragraph with 
a unit of measurement of a fiftieth of a second. Full directions 
are given m E B Titchener, Expenmental Psychology, vol 1, 
Part 1, p. 117, and vol. 1, Part 2, p. 212. The present author 
does not therefore consider it necessary to recommend for this 
course a reference to Hipp’s chronoscope which was designed 
to measure as short a penod as a thousandth of a second. 

DISCUSSION 

“The reaction tune of an mdividual is the interval that 
elapses between the exhibition or application of a stimulus to 
him, and his response to it m a prescribed manner.” ^ Its study 
was taken m hand by astronomers, under the title of “the 
personal equation”, long before psychology became an experi- 
mental science. 

^ C. 8. Myen, Texfboolc of Expenmental Psychology, p. 12fi. 
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Maskelyne diBrnisaed his assistant Kmnebrook at Greenwich 
in 1796 because his observations yielded times of stellar transits 
which were about eight-tenths of a second later than those 
obtained by Maskelyne himself. It is mteresting to note that 
when this incident became known to Bessel twenty years later, 
it helped him to discover not only the personal equation but 
also its vanability 

Eventually the “eye and ear” method of Bradley, which 
involved the observer’s reaction time, was discarded in favour 
of electncal methods. It was early reahsed that the study of 
reaction times was essentially a psychological task Reaction 
time was found to vary with the sense organ stimulated, with 
the mtensity, duration or speed of the stimulus, with the direc- 
tions given to the subject, or with his attitude. 

It was customary to distmguish between (a) simple reac- 
tions and (6) complex or compound or composite reactions 
(a) Simple RKAcnojfs — L Lange ^ m 1888 found that the 
“sensonal” reaction is, on the average, about a tenth of a 
second longer than the “muscular”, while the average time for 
the “natural” reaction is intermediate between the other two 
Lange’s Attention Theory was disputed by some mvesti- 
gators Thus Cattell and his pupils stressed the part played by 
practice After practice, the sensonal reaction was only a httle 
longer than the muscular There is also Baldwm’s Type Theory 
which mamtains that mdividuals are innately sensonal, mus- 
cular, or natural m type. For each mdividual, the qmckest 
reaction would be that which accords with his innate disposi- 
tion. With so many variables mvolved it would be a formidable 
imdertakmg to decide between these theones, and besides, 
they are no longer questions of the day 
The student who performs Ezpenment 4 will probably be 
mchned to agree with Lange’s view, but it is obvious that 
Experiment 4 does not enable him to assess Cattell’s theory or 
Baldwin’s theory. Simple reaction time is further dependent on 
the structure of the sense organ stimulated. The following 

* L. Lange, Wundta Phtlos Stiid%en, 4, 1888 Titohener {Exp Paychol vol. 
1, Part 2, p 214) points out that Lange was anticipated by S. Oisohansky in 
the Neurol. CeiKraUiaA. No 12,1887. 
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table ^ shows that visual reactions are slower than auditory 
or tactual, and the reactions for smell, taste and especially 
pain are slower stdl; 


Stimulus 

Muscular 

Beaotlon 

Sensorial 

Beactlon 


Light 

176 a 

270 o- 

1 

Sound 

126 0- 

220 <r 

""“lOOO®®® 

Touch 

110 <r 

210 (T 



(6) Complex Ebactions — Here central processes, both 
cogmtive and vohtional, may cause the reactions to be much 
slower than m the case of the so-called simple reactions. 
There are vanous ways by which the complexity of the re- 
action may be mcreased 

(1) JRecognttxve Reactums — ^Instead of measunng S’s sen- 
sonal reaction to a visual stimulus, eg & colour, he may bo 
instructed not to react until he has recognised which colour it 
IS Then the reaction time is somewhat slower 

(2) Discnminative Reactions — This may be comphcated by 
presentmg to S one or other of a number of known stimuli and 
instructmg him not to react until he has discriminated the 
presented simulus from the other possible stimuh. 

(3) Choice Reactions — One form, devised by Donders, is to 
present either of two stimuli, to only one of which S is m- 
structed to react. 

A more complex form due to the same mvestigator is to 
employ two stimuh and to instruct S to react with the right 
hand key if one stimulus appears, and with the left hand key 
if the other. 

Still another form is the ingenious arrangement of Henmon * 
Two stimuh A and B are presented side by side S is instructed 
to react with his nght hand if A appear on the nght of B, and 
with his left hand if it appear on the left of B 

Associative Reactions. — Here the association may be 
“free” as m Experiment 1, or it may be “constrained” as m 

* C S MjeTB, Textbook of Expenmental Pgyckology, p 126 

* V. A C Henmon, “The Tune of Perception as a Measure of Differences 
m Sensations”, Arch of Phtl., Ptyehol and 8c%. Methods, No 8, 1906 
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Erpenments 2 and 3, or it may be “partly constrained” when 
S has a choice of answers, such as to give a specific instance 
of some generic word. 

REACTION TIMES AND SPEARMAN’s PRINCIPLES 
It IS one step to recognise that one reaction is “simple” 
and another “complex”. It is a further step to ascertam the 
nature of the complexity by the aid of fundamental prin- 
ciples Here the Law of Retentivity and those of Eduction are 
potent aids, and the evidence suggests that regard must also 
be given to a factor of Fluency. To carry out the analysis, the 
experiments desenbed in this chapter may be recommended. 
In each experiment it will be noted that the instructions require 
the reaction words to be given as quickly as possible This must 
be kept m mmd in Experiment 1, as the Kent-Rosanoff pro- 
cedure did not emphasise this 

Expenment 1; Free AssoouUum 
Using the given hst of 100 words, Kent and Rosanofi tested 
one thousand normal subjects They were of both sexes, of ages 
rangmg from eight to eighty years, they had various degrees 
of mental capacity and education, hved m widely separated 
locahties and mcluded persons following vanous occupations. 

To each of the 100 words, S was directed to react by the first 
word of which it made him think For each stimulus word a 
frequency table was compiled which exhibited the frequency 
of every word elicited in response Thus to the word “table”, 
the leadmg frequencies were: chair 267, wood 76, furmture 75, 
eat 63, cloth 57. But there were many responses such as basket, 
ink, oak, which were only given by one mdividual out of the 
thousand Kent and Rosanofi eventually took no account of 
the reaction times. The aim of their mvestigation was to study 
pathological variations m reactions. With this m view they 
regarded a reaction as common if it appeared m their tables. If 
not, it was regarded as an tndtvidual reaction, except that a 
reaction was classed as doubtful if it was a grammatical variant 
of a word found m the tables. When analysing the record of 
each of their normal subjects, it was removed from the mass of 
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material which formed the tables, and the reactions of the 
remaining 999 subjects served as a standard of comparison. 

Kent and Eosanofl pointed out that a small number of their 
thousand subjects exhibited various types of abnormal re- 
actions On the other hand, there must be a certam number of 
words which, although they do not appear m their tables, 
must be regarded as normal reactions Reactions regarded as 
pathological were: denvatives of stimulus words; non-specific 
reactions, te. words such as article, good, great, necessary, 
person, which are so widely apphcable as to serve as reactions to 
almost any stimulus word, sound reactions; word complements; 
perseverative reactions, t.e. associations to a precedmg stimulus 
or reaction, or repetitions of preceding stimuh or reactions. 

The normal subjects gave, on the average, 6-8 per cent indi- 
vidual and 91 ‘7 per cent common reactions Sut the range of 
vanations was rather wide, a considerable number of subjects 
givmg no individual reactions at all while a few gave over 30 
per cent. On the other hand, 247 insane subjects gave, on 
the average, 26-8 per cent mdividual and only 70-7 per cent 
common reactions. 

SPEED IN ASSOCIATIVE REPRODUCTION 

Instead of stressing the reaction word rather than the re- 
action time the present wnter,^ usmg Palmer’s apparatus, em- 
ployed the opposite procedure Boys from Forms 3a and 5a 
of the City of Leeds School* were tested mdividually. S was 
given a cardboard sheet with eleven common Enghsh words 
prmted m column, and held face downwards At a signal he 
turned over the card and gave m order and as qmckly as pos- 
sible the first word that occurred to him on seemg each 
stimulus word. Simultaneously with each response E pressed 
his key. The reaction to the first word is therefore represented 
on the moving tape of the chronoscope and serves as the pomt 
from which the reaction-time for the second stimulus word is 
measured. Actually this was not done as the senes merely 
served as prehmmary practice. There followed then the First 

^ Ll. Wynn Jones, A Study aj Spetd tn Aaaoetative Reprod%tct\on, Rep of 
Bnt Assoc., 1931. 

• My thanks aie due to the Headmaster, Mr Worts, for valuable help. 
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Association Test carried out in a similar way and recorded It 
consisted of the eleven words: wood, black, mutton, comfort, 
hand, short, fruit, butterfly, smooth, command, chair. 

S was now given a card with eleven common French words 
prmted m column. At a signal, as before, the card was turned 
over and S translated each word m order into English as 
qmckly as possible. Simultaneously with each response E 
pressed his key After this preliminary practice there followed 
the First Translation Test consisting of the following eleven 
words, matm, quand, votre, cher, ^le, pourquoi, fr&«, jour, 
fengtre, arbre, beaucoup 

A fortmght later two similar tests were given, namely, the 
Second Association Test consistmg of the words, mouse, high, 
workmg, sour, earth, trouble, soldier, cabbage, hard, eagle, 
stomach; and the Second Translation Test consistmg of the 
words ici, maison, jamais, soleil, quatre, chien, trgs, main- 
tenant, cheval, autre, om Such wor^, accordmg to Henmon, 
are known to over 90 per cent of pupils after studying French 
for only one year. Form 3a had studied French for 1^ and 
Form 6a for years It will be seen that the difference m 
speed between the two Forms m the Association Tests is not 
at all pronounced. But m the Translation Tests the speed in 
the lower Form is on the average about 50 per cent slower 
than that of the upper which has studied French for two years 
longer It is also evident that both in the association and m the 
translation test one pupil m a class may respond twice, three 
times, or even four times as qmckly as another. 
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Cattell reports that one of his observers took on the average 
0'162 sec. to translate familiar German words mto English, and 
0-268 sec. in the reverse direction. But his results were obtamed 
by the usual discrete method of usmg a hp-key and therefore 
cannot be compared with the present results. 

The average age of the 36 bojrs from 3a was 13^ years and of 
the 23 boys from 6a 16J years. The class mark in French, the 
Easter ezamination mark m French, the mark for all school 
subjects pooled, and the score m the Cattell Group Intelligence 
Scale were also available for each boy. The speed of translating 
well-known French words into English showed appreciable 
correlation with the class marks in French, with the examina- 
tion marks in French, and also with the marks for all school 
subjects pooled. As would be expected the Cattell test also 
correlated with this pool, but the shght positive correlation 
between mtelhgence and speed of translation in the lower form 
has entirely disappeared and is actually negative m the upper. 
There is therefore no reason why pupils with even less than 
average intelhgence should not attain high proficiency m a 
modem language after remainmg the normal period at a 
secondary school. They may not be gifted enough to pursue 
higher language studies but they may be emmently suitable 
for commercial positions m virtue of their abihty for retainmg 
foreign words and their possession of other suitable traits. 

QUESTIONS 

1. Discuss critically the classification of reactions into simple 
and composite reactions. 

2 Compare the reaction time of your subject in a free associa- 
tion experiment with that in typical forms of the con- 
strained association experiment. How can you account for 
the differences obtained? 


1. E. B. Titohener, Expenmental Psychology, vol. 2, Farts 1 and 2, 
chap. 3, The Beaotion Experiment, 1905. 

2. V. A. C. Henmon, “The Time of Perception as a Measure of Differences 
in Sensations”, Arch, of Phtl., Psychol, and 8c%. Methods, vol. 8, 1006. 
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3. C. S. Myers, Bxpenmentdl Paychdogy. chap. 11, Reaction Tunes, 
1911. 

4. J. MoEeen CatteU, “Some Psyobologioal Ezpenmenta”, Setence, 
Jannaiy 1 and 8, 1926. 

6. E. G. Bonng, A History of Expenmental Paychdogy, oliap. 8, The 
Personal Equation, 1929. 

6. H. E Garrett, OrecU Expmmentt tn Payehdogy, chap. 9, CatteH’s 
Studies in the Measurement of Reaction Time, 1930. 



CHAPTER 12 


PROGRESS IN LEARNING AND TRANSFER OF 
TRAINING 

FIGURE SPOTTING TEST 

DiBEcnoNS. — S IS instructed to write A under 1, B under 
2, and so on, and when all the letters of the alphabet are used, 
to continue with A, B, C, . . . again until there is a letter under 
every number, in the following table. The figures are covered 
and E gives the signal “Ready”, then two seconds later the 
signal “Go”, at the same time startmg the stop-watch which 
is stopped when S has finished the tash At unif orm intervals 
the same task is repeated by S at least twelve tunes S should 
wnte an mtrospective report on his progress and should plot 
the learmng curve, the number of attempts along the hori- 
zontal axis and the times along the vertical A composite 
curve may be drawn by pooling the results of all the Ss 
A sufficient number of copies of the table should be prepared 


beforehand. 
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36 

30 

19 

23 

3 

26 

32 

10 

28 

6 

17 

21 

1 

16 

26 

12 

36 

11 

18 

29 
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22 

14 
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31 

24 

33 

27 

16 

7 

34 

2 

13 

20 

9 



DISCUSSION 




The above test is only one of countless others which may be 
employed in order to study the factors operative in learning. 
These factors obviously vary with the test, and the shape of the 
131 
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learning curve depends on tibe nature of the task.^ The initial 
progress is relatively rapid m some and relatively slow in 
others. In most curves, though not in all, plateaux are found, 
that is, the curve at a certam stage is flat and further practice 
does not for a time cause improvement. Amongst the possible 
causes of these plateaux may be cited: 

(1) Decrease m efficiency due to objective fatigue (cf. Chap- 
ter 19). 

(2) Lack of motive for working at full pressure. Flugel’s 
curves were obtamed from the results of S’s workmg at full 
pressure, and as the incentives were powerful they tended to 
eliminate the plateaux (cf. Chapter 19)^ 

(3) The formation of the simpler habits demanded by the 
task 18 naturally facilitated by repetition and then a stage 
amves when S confidently attempts the formation of more 
complex habits, but before he attains proficiency it is not sur- 
pnsmg if there occurs a plateau or even a set-back (cf the 
mastery of typewriting or piano playing) It is at least certam 
that many plateaux can be eliminated by the avoidance of 
fatigue, by the employment of suitable mcentives and by 
efficient methods of learning * But finally, continued attempts 
at perfection will cause the subject to approach his physio- 
logical limit 

THE TRANSFER OP LEARNING 

After practising the Figure Spotting Test for many days it 
may be asked whether the training would make 8 efficient in 
a Letter Spotting Test, that is, m a test which necessitated the 
writing of the figures 1, 2, etc , under the letters A, B, etc., 
which were placed m haphazard order. It may be objected that 
such a test would be too “picayunish” to exert any natural 
appeal and, moreover, that the transfer of efficiency, if present, 
is only carried over to a more or less similar activity. In fact it 

^ Cf B Pintner, Eduoatvmal Psychcdogy, 1929, chap. 9, The Leammg 
CuTFe; and D. Starch, Edwxittanal Ptyehohgff, 1927. chap. 11, The Rate and 
Progress of Learning 

' Cf. E. Healey, “The Plateau A Study of Penoda of Arrested Progreai 
in Motor Learning.” H.Ed. Theaia, Univ. of Leeds, 1934. 
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must be acknowledged that an experiment on transfer which 
would be really worth while is likely to require more time than 
can be allowed for m this book In the past the doctrme of 
transfer of traming or formal discipline was concerned with 
the general trainmg of the so-called faculties of the mmd which 
was supposed to result from the study of a particular subject 
Thus the study of Latm was supposed to tram the “powers of 
reasonmg” or to develop “judgment”, and should therefore 
be studied by all potential legislators Equally sweeping claims 
have been made for mathematics, science, modem languages, 
hand-work, or what not It is not asserted here that these sub- 
jects have no effect on the mdmdual apart from their utih- 
tanan value, but the above claims were m the nature of 
dogmatic statements which did not rest on facts When the doc- 
trine of formal disciplme was subjected to a ngid expenmental 
test by Thorndike and others its claims for consideration were 
reduced to a minimum. A recent monumental mvestigation 
by Thorndike and his collaborators enabled him to wnte these 
words “The expectation of any large difference m general im- 
provement of the mind from one study rather than another 
seems doomed to disappointment. The chief reason why good 
thinkers seem superficially to have been made such by having 
taken certam school studies, is that good thinkers have taken 
such studies, becoming better by the inherent tendency of the 
good to gain more than the poor from any study. When the 
good thinkers studied Qreek and Latm, these studies seemed 
to make good thinking Now that the good thinkers study 
Physics and Trigonometry, these seem to make good thinkers. 
If the abler pupils should all study Physical Education and 
Dramatic Art, these subjects would seem to make good 
thinkers. These were, mdeed, a large function of the program 
of studies for the best thinkers the world has produced, the 
Athenian Greeks. After positive correlation of gam with imtial 
abihty is allowed for, the balance in favour of any study is 
certamly not large Disciplinary values may be real and deserve 
weight in the curriculum, but the weights should be reasonable. ” ^ 

‘ E. L. Thomdike, “Mental Disciphne m High School Studies”, Joum. of 
Edvc. Piyehd vol IS. 1924, p. 9S. 
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Discipunb, UnLmr, Oultuke. — ^Divergent views regarding 
the aims of education will always be held, for educational 
writers differ widely in nurture. The first may have been 
educated privately, the second at Eton and Christ Church, 
the third entered the lists through the parish school and the coal 
mine, the fourth may be a philosopher, the fifth an apphed 
chemist, the sixth an aesthetician When, further, account is 
taken of their wide differences m intellectual and tempera- 
mental equipment, it would mdeed be a miracle if they all 
stressed “disciphnary”, “utihtarian” and “cultural” values 
alike. We are not here concerned with the aims of education, 
but would nevertheless insist that the divergence of views is 
partly a question of terms It can safely be said that terms like 
"cultural value” are at present hopelessly mexact for scientific 
usage. Thus cultural trainmg is often praised at the expense 
of vocational training. Such loose thinking in pittmg the one 
against the other may be exposed by pomtmg out that a 
teacher, clergyman, physician, or lawyer who has neglected 
his vocational traming in psychology must surely lack culture 
A comprehensive defimtion of culture which may avoid this 
antithesis is given by Bnerley,^ namely, "an integration of 
knowledge and experience which helps an mdividual to lead a 
reasonably full and free intellectual and emotional hfe and fits 
him to play a contnbutory part in the social commumty, m 
short, an orientation towards life which makes for personal 
happiness and social usefulness ” It follows from such a view 
that it would be difficult, if not impossible, to estimate the 
“disciplinary”, “utihtanan” or “cultural” value of a school 
subject This difficulty was experienced by Starch* when he 
requested 68 pnncipals and teachers to assume the disciplinary 
value of the first year of high-school English as taught m the 
average way to be 10, and that aU other values be estimated 
in terms of this assumption. For many obvious reasons Starch 
did not attach much importance to his tabulation, e.g. 
teachers would tend to rank their own speciahties high. It is 

1 W. B. Bnerley, The Cultural Value of Science tn Adult Education, Rep of 
Bnt. Assoc Sect. L, 1933 

* D. Starch, Educational Psychology, 1820, p. 219. 
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therefore necessary to know what subjects were taught by the 
teachers concerned. The estimates obtamed vaned widely from 
teacher to teacher, nevertheless there was a tendency to cluster 
round a mean. 

At Easter 1933 I repeated Starch’s experiment Over 90 
secondary school teachers and trauung college lecturers at- 
tended a Refresher Course and 26 volimteered to give estimates. 
In several respects the results agreed with those of Starch. 
Thus the highest disciplinary value was assigned to Geometry. 
High utihty values were given to English, Arithmetic, Cooking, 
Needlework and Carpentry. English and Music had the highest 
cultural values But, on the other hand, starthng variations 
were exhibited m the estimates Thus the disciplmary value of 
French, Latin or Physical Training varied from 2 to 40, of 
Cooking between 0 and 20, the utility vedue of Chemistry from 
0 to 40, of History from 2 to 30, and of Cooking from 8 to 60; 
the cultural value of Latin from 0 to 30, and of Geography or 
French from 2 to 40 

Obviously no importance should be attached to these 
figures, they only serve to show that terms bke “cultural 
value” have no fixed meamngs In fact, the experiment may be 
regarded as meamngless for, m the words of A. E Hirst, who 
took part m it, “the three values may be so closely related and 
interdependent that it is impossible to regard a subject as 
having, say, greater or lesser utilitarian than disciplinary or 
cultural value It is also possible to make any one of these 
subjects a ‘core’ subject.” 

Theories of Transfer . — What factors determine the amount 
of transfer* Thorndike’s Theory of Common Elements 
18 based on the doctrme that the learning of a task consists of 
the establishment of specific connections between various 
specific elements, or that the learning of a task is essentially 
the establishing of mmute reactions to a complex situation. 
Now, if a second task contains elements that activate some of 
the same reactions so that certain elements are common to 
the two tasks, there will be transfer and the amount of transfer 
from one task to the other will be proportional to the amount 
of identity. Thorndike considers the identical elements to be 
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specific connections in tlie nervous S 3 ^m which are common 
to the tasks or functions. As mdicated elsewhere in this book 
such a neurological reference may not be very helpful to the 
psychologist, and still less so to the educator But it is clear 
from Thorndike’s exposition that his common elements have 
a very wide significance. Thus he writes ^ “Chief amongst such 
identical elements of practical importance in education are 
associations mcludmg ideas about aims and ideas of method 
and general principles. . . .” These elements, then, may be 
elements of — 

(1) Content, e g. the study of Latm helps that of French m so 
far as the words are similar, such as “terre” from “terra”. 

(2) Method, e g learning a stanza as a whole rather than hne 
by hne. 

(3) Ideal, e g the ideal of neatness cultivated m connection 
with one special subject may be made to irradiate mto other 
activities 

Judd’s Theory op Generalisation op Experience ex- 
plains the transfer m terms of the recogmtion of apphcation of 
an experience obtamed in one connection to other connections It 
emphasises the conscious recogmtion of the identical elements 
m as many situations as possible.* 

There is not necessanly any opposition between the two 
theories, and each has helped to elucidate the effects of transfer 
But an alternative explanation of the facts of transfer is pos- 
sible by the use of Spearman’s Two Factor Theory and 
HIS Doctrine of Noegenesis Here “common relations” 
would supply the key to the solution of many a problem in 
transfer 

THE METHOD OF EQUIVALENT GROUPS 

The techmque commonly employed m experiments on trans- 
fer may be made clear by a concrete example Suppose we wish 
to ascertam how a month’s practice m learning poetry would 
affect the abihty to learn prose. The first step is to pick two 
eqmvalent groups, A and B Prose Test X is given, and on the 

‘ E L Thorndike, Educattonta Psychology, vol 2, 1914, p 269 
' C. H. Judd, The Psychology of High School Subjects, 1915, p 413. 
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result of this test the groups A and B are picked m such a way 
that for every member of group A there is a corresponding 
member of group B of the same abihty for learning prose Thus 
the two groups will have the same average abihty for learning 
prose and the same vanabihty with reference to this average. 
For an exact experiment it would be necessary to equate the 
groups with respect to mtelligence, schoolmg, age, race and 
sex and other variables as well. But, in practice, it is obvious 
that this could only approximately be effected. Group A, the 
Practice Group, is then given practice in learning poetry every 
day for a month, while Group B, the Control Group, gets no 
practice At the end of the month both groups take another 
Prose Test Y. 

Group A: Prose Teat X — Practice m Poetry — Prose Test Y. 
Group B. Prose Test X — ^No Practice in Poetry — Prose Test Y. 

Assuming that the Prose Test Y is equal in difficulty to the 
Prose Test X, it is possible that both groups will improve in 
Test Y partly as a result of practice But if Group A has a 
higher average score than Group B in Test Y, it is possible to 
determme whether the gain is significant (cf. Chapter 23). If 
there are no grounds for assummg that the two prose tests are 
of equal difficulty, it is more exact to employ four groups A, B, 
C and D Groups A and C get practice m learning poetry, B 
and D get no practice The following scheme will make the 
procedure obvious. 

Group A- Prose Test X — ^Practice m Poetry — Prose Test Y. 
Group B; Prose Test X— No Practice m Poetry — Prose Test Y. 
Group C- Prose Test Y — Practice in Poetry — Prose Test X. 
Group D- Prose Test Y — ^No Practice m Poetry — Prose Test X 

As in the former case, the four groups have been matched as 
nearly as possible. The gain of A over B in Test Y, and the 
gam of C over D m Test X, can now be averaged.^ 

This chapter will be concluded by a brief account of three 
experimental investigations which connect the problem of 
i Cf. G. H Thomson, Inahnet, Intelhgeiux and Character, 1924, p. 137. 
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transfer with educational methods, namely, that of Meredith 
in the teaching of science, that of Hughes m the teaching of 
anthmetic, and that of Gurney in the teachmg of modem 
languages. 

Consciousness of Method as a Means of Transfeb. — A 
recent mvestigation by Meredith ^ suggests that consciousness 
of method may be an important agency in the transfer of 
traimng. Three groups of boys of approximately equal average 
mtelhgenoe were chosen Group A was the control group 
Group B received incidental practice in defining scientific 
terms Group C were trained m dcfimtion and there was an 
exphcit reference to the form which a correct definition should 
take The transfer to be mvestigated was from the definition 
of scientific terms to the defimtion of ordmary words m daily 
use. When the training was completed all the boys were tested 
agam, and it was found that Group C had benefited by its 
traimng in defining scientific terms, whilst Group A and Group 
B did no better than before Meredith’s results suggest that the 
methods of science when consciously recognised by the pupils 
may become ideals which function generally This is a very 
different doctrme from that which would assume that the 
formal disciphne, whether m Latin or in science, improved judg- 
ment or mtellect or what not In agreement are the conclusions 
of Whipple* when he recommends that teachers should arrange 
the work of their pupils so as to facilitate the conscious recog- 
mtion by the pupils of the methods by which mental work is 
done \^pple also pomts out that bnght children may be 
expected to surpass dull children m the amount of transfer 
gamed from specific traimng. This is what would be expected 
m view of Strasheim’s finding that the higher stage of relation- 
finding IS that where the relations are “abstracted” and have 
become concepts which are effective for umversal use ® 

1 G P Meredith, “An Investigation of Some Aspects of the Problem of 
Transfer of Training”, M.Ed. Thesis, Univ of Leeds, 1026 Cf also, O P. 
Meredith, “Conscionsness of Method as a Means of Transfer of Training”, 
Forum of Education, vol 6, No 1, Fobmary 1027 

* G. M Whipple, “The Transfer of Training”, 27(A Year Book of the Nat. 
8oc for the Study of Educ. Part 2, 1028. 

* J. J. Strasheim, A New Method of Mental Teehng, 1026, p 141. 
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The Drill Value of Number Games — Another study 
which has a bearing on the problem of transfer is the important 
investigation of Hughes. Here the drill value of number games 
was approached from two standpomts Hughes formulated six 
important cntena which good number games should satisfy, 
and then compared by experiment the drill value of good 
number games with that of conventional dnU methods in 
anthmetic Usmg Hallard’s tests of addition, two equal groups 
were selected, the subjects bemg Standard 11 boys. One group 
practised addition by drill methods while the other played 
number games. Fifteen daily periods of fifteen mmutes’ dura- 
tion were given, the experiment lastmg just over three weeks. 
Both groups were tested after 10 practices and also at the end 
After 10 practices the dnll group improved 25-6 per cent and 
the games group 17 3 per cent, but after 15 practices the corre- 
sponding figures were 34'3 per cent and 32 1 per cent At the 
conclusion of the testing then, there is no significant difference 
between the two groups in spite of the facts that the tests 
favoured the drill group, that the dnll given was as good as 
could be devised, and that the games were only played fifteen 
times. Hughes therefore suggests that these games are 
superior to much of the practice as earned on m school. It is 
obvious that interest m w innin g the game is a potent factor to 
account for the improvement shown by the games group, but 
Hughes 1 pomts out that under the conditions of the test, this 
interest was shown also by the dnll group as they guessed they 
were taking part in a competition. Under ordmary school con- 
ditions, however, the advantage from the pomt of view of 
interest would he with the games. 

THE VALUE OF SILENT READING IN THE TEACHING OP 
MODERN LANGUAGES 

Methods of investigatmg the value of practice m silent 
reading m the teachmg of English have been demonstrated by 

‘ A.G Hnghes.'ThePraotioeValneofGftmeamAntliineticalOperatioiM”, 
M.Ed. Tlieeis, Umv. of Leeds, 1922 Cf also A G Hughes, “An Investigation 
into the DnU Value of Number Games”, Ediuatwnal Rtaearch, vol 6, No. 1, 
September 1927 
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many American investigators^ and by West* in India. Gnmey * 
appears to be the first to apply such methods to modem 
language teachmg under ordinary Enghsh school conditions 
which mevitably demand some work of the dnU and class 
teaching type. The power of wntang a foreign language, the 
power of speaking it, or the power of understanding it when 
spoken by others are not activities which are practised by the 
majority of pupils m real hfe but, as Gurney pomts out, the 
power of reading a foreign language may very well be. Silent 
reading practice was found to be superior to the traditional 
method of translation for enabhng the average pupil to attam 
reading power and, from the point of view of school organisa- 
tion, this power may be developed with a comparatively small 
expenditure of time Even when the translation tramed pupil 
showed a high reading speed, his comprehension of the narrative 
was usually not up to the standard attained by silent reading 
practice Such practice when given to pupils towards the end 
of their school course mvanably produced considerable m- 
creases of speed with mcreased comprehension, whether the 
pupils were of high or low linguistic abihty. In earher stages, 
silent readmg proved supenor m producmg readmg power to 
the study of textbooks of “French Course” type even when 
these were supplemented by a certam amount of translation 
of continuous narrative. 

A group of 103 boys at the School Certificate stage vaned in 
speed at one of Gurney’s tests from 225 to 73 words per mmute, 
the median speed being 127 All had been given a four-, and 
m some cases a five-years’ course m French On the other hand, 
a group of third-year boys, after silent readmg practice dunng 
a total of eighteen lesson periods spread over five months 
durmg which they covered about 23,000 words of narrative 
material, showed an average mcrease of speed of about 96 
per cent, namely, from 76 to 150 words per mmute. Seven 
students who had taken their B.A. Pass Degree m French less 

^ Cf J A O’Bnen, Read%i%g Its Psychology and Pedagogy, 1926. 

■ M West, heamxng to Jieati a Foreign Language, 1926. 

' D. Gnmey, “An Experimental Enqniiy mto the Value of Silent Beading 
in the Teaching of Modem Languages in Schools”, M.Ed Thesis, Univ of 
Leeds, 1931. 
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than a year before had a median speed of 236, which is approxi- 
mately the speed of the average 8th Grade pupil m America 
in reading English when tested by some of the standardised 
silent reading tests. 

The upshot would seem to be that the average pupil after 
studying French for four or five years cannot be considered to 
be an efficient reader capable of deahng with ordinary French 
texts for information or pleasure. In the words of Gurney: “It 
does not seem to be yet recognised that m order that the pupil 
may learn to read French, he must be given practice m readmg 
it We are, as far as this skill is concerned, still mclined to 
trust to ‘mdirect’ methods ” 

QUESTIONS 

1 What exactly is meant by the term “formal” m the doctnne 
of “formal Traimng”* 

2 What IS meant by the term “formal” m the phrase “formal 
sense training” as apphed to the procedure of Madame 
Montesson? 

3 Can the “form” taken m the sense of “act” be developed 
independently of the “material” taken m the sense of 
“ content”^ 

4 Formabsts have claimed that traming of the “form” would 
be effective umversally, but just the same claim might be 
made for “material” traming Consider the experimental 
evidence beanng on this statement. 

5 Examine critically the doctnne that “the power to judge is 
increased by judgmg”. 

(For Questions 1-6 cf C Spearman, “Qualified and Un- 
qualified Formal Training”, Joum of Exp Pedagogy, vol 
2, No 4, 1914 ) 

6. Give a bnef r6sum6 of the results of experiments on transfer 
with reference to Eeaction Time, Perception and Dis- 
crimination, Senson-Motor Association, Memory, and Cross 
Education (cf . D. Starch, Educational Psycdidogy). 

7. Give a summary of Thorndike’s methods and results in his 
researches on transfer (cf. Joum of Educ Psychol, vol. 16, 
pp. 1-12, 83-89, vol. 18, pp. 377-404). 
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CHAPTER 13 

THE MEASUREMENT OF SENSITIVITY 

Materials — (1) Colour Comparator, obtamable from Messrs. 
C F Palmer (London), Ltd. This motor-driven apparatus 
allows two mterlockmg colour discs cut along a radius to 
rotate at high speed, and enables the proportions of the two 
discs to be altered at will during rotation (2) The following 
Hermg standard colour discs. Red No. 2, Yellow No. 4, Green 
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No 7, Blue No. 10, together with sheets of thirty gray 
papers graded from black to white, eg those suppbed by 
Zimmermann. 

Section 1 

THE MEASUREMENT OP ABSOLUTE THRESHOLD FOR 
COLOUR SATURATION 

This measurement is affected by many factors which cannot 
here be discussed, but attention may be drawn to the following 
pomts: 

(1) If, for example, the threshold for red is required, it is 
advisable to have the overlapping disc of a gray of the same 
brightness as the red. This should be determined by a previous 
143 
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experiment as follows Using one of the psychophysical methods 
descnbed in Chapter 24, the proportion of black to white m 
the accompanymg figures should be determmed so that the 
resulting gray should match the red in brightness This gray 
will correspond to one of the senes of gray papers, and this 
gray should be used 
not only for the over- 
lappmg disc but also 
for the background 
(2) The openmg m 
the background 
should be just suffi- 
cient to allow the 
discs to rotate without touchmg the background This seems 
to eliminate the contrast colour, green It is not advisable 
for the red disc to have a smaller radius than the gray disc, 
as the contrast fnnge of green surroundmg the red disc would 
serve as a clue to S of the presence of red 

(3) S should be asked to judge whether there is a reddish 
colour present or only gray He therefore knows that no other 
colour will appear in that particular test This knowledge alone 
will radically afiect the size of the threshold. 

Section 2 

THE MEASUREMENT OF THE DIFFERENTIAL THRESHOLD 
FOR COLOUR SATURATION 

Pbocedurk — The coloured discs should be mounted as in 
the diagram The outer part consists of 
two overlapping discs sbowmg 180° 

Gray and 180° Blue of the same bright- 
ness as the gray. The inner part is equal 
in area to the outer, and the proportions 
of gray and red exposed can be varied. 

The apparatus is set in rotation, the 
screen is lifted and S judges whether the 
inner part contains more blue, less blue, 
or the same amount of blue as the outer. 

The Constant method descnbed m Chapter 24 may be used. 




Fio. 22. 
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Supplementary Experiment 

The above experiment should be repeated (a) when the outer 
discs are adjusted so that 90° of Gray and 270° of Blue are 
exposed, and (6) so that 270° of Gray and 90° of Blue are 
exposed 

The differential threshold should be calculated for each case 
and compared with that obtamed m the onginal experiment. 
The results should then be studied with reference to Weber’s 
Law (cf. Chapter 24). 

DISCUSSION 

Some mdividuals are much more sensitive than others to a 
particular stimulus It was said that Field-Marshal Earl 
Roberts could detect the presence of a cat hidden m a room, 
as it made him lU at case. Be that as it may, there are several 
kmds of sensitivity whichever sense organ is considered. For 
example, colour sense or colour sensitivity can have many 
meanings Of these, three may be mentioned here. 

(1) Colour sense is sometimes taken to denote the capacity 
to see a minimal amount of a colour when mixed with black, 
white, gray or another colour.^ The absolute threshold is a 
measure of this capacity The artist mixing his colours or 
pamtmg a picture and the chemist exanunmg his precipitates 
or producmg his dyes would be expected to find such a capacity 
a great asset Certain railway employees should also possess it, 
as mere absence of colour blmdness may not be a sufficient 
qualification m their case. 

(2) Colour sense may also mean the capacity to distmguish 
between two shades of a particular colour.* The differential 
threshold is a measure of this capacity. It is recorded that em- 
ployees in velvet factones on the Rhme could arrange in their 
correct order forty shades of black There are also artists, md- 
hners and workers m the cloth trade who exhibit marvellous 
powers of discnmmation. 

(3) In ordinary life one understands by colour sense the 

1 Cf LI Wynn Jones, “Untersuohungen &ber die Beizschwelle fUr 
Farbons&ttigung bei Kindern”, Pod Arbett vol 2, 1911 

• Cf W Kobelt, “Untersuchiingen fiber die Farbenuntersohiedsemp- 
findnng bei Sohulkmdem”, Pdd.-psychol. Arbett vol 6, 1914 
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capacity to judge and evaluate colour combinations aesthetic- 
ally. Civilised races differ from savages m their aesthetic judg- 
ments, children difier from adults. Even North European 
nations differ from each other in then: colour schemes for dress 
or house decorations. As these three meanmgs of colour sensi- 
tivity may have httle m common, it is necessary to study each 
by itself To this end the significance of the term “threshold”, 
which was mtroduced into psychology by Herbart,^ must be 
learnt “By the threshold of consciousness I mean those limits 
that an idea oversteps m passmg from a state of complete m- 
hibition to a state of reahty ” It is m one sense fittmg that 
Herbart should have mtroduced such a term, for he himself 
was a hvmg example of a threshold m so far as he stood on the 
dividing hne between the metaphysical psychology which 
reigned before hun and the scientific psychology which began 
to develop afterwards It was Fechner, however, who developed 
this concept of the threshold m his epoch-making work on 
the psychophysical methods. By a threshold Fechner simply 
meant that pomt at which a stimulus or a stimulus-difierence 
becomes just noticeable. For example, move a watch very 
slowly away from S’s right ear and note the distance at which 
the ticking becomes maudible Now move it a yard further 
away and then approach S with it very slowly and note the 
distance at which the tickmg becomes audible agam The 
mean of these two distances would be a measure of the ab- 
solute threshold for such a sound. Similarly, holding the watch 
at a specified distance smaller than this threshold, it would be 
possible to determme what distance must the watch be moved 
from this point in order that the sound could be defimtely 
judged by S to be louder or famter This distance would be a 
measure of the differential threshold Obviously each experi- 
ment ought to be repeated a large number of times. 

THE ABSOLUTE THRESHOLD FOR COLOUR SATURATION 
Relation to Age.— Does the magnitude of the absolute 
threshold depend mainly on physiological conditions, probably 
inherited, m the structure of the optical system or on psycho- 
‘ J. F Herbart, ITerle, 5, 292. 
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logical factors such as concentration of attention or the effect 
of practice* Wundt held that physiological factors are here 
dominant and that psychological factors were only of secondary 
importance Yet I found that the absolute sensitivity for colour 
saturation is two to three times as great at fourteen years as it is 
at five. It must be acknowledged that the weight of evidence is 
against the possibihty of physiological developments m the 
optical system going on during school years. If so, the m- 
creased sensitivity at fourteen, must be largely the result of 
psychological factors But it is obviously difficult to produce 
any physiological evidence which would affect the issue 

Eelation to Inheritance — ^Amongst my subjects were a 
number of siblings and the results seemed to show that very 
often siblings not only possessed the same sensitivity to a par- 
ticular colour but further that the sensitivities for red and for 
green run parallel, also those for blue and yellow, e g. each of 
three brothers had less than average sensitivity for his age in 
the case of red and green, but greater than the average for 
blue and yellow 

Colour Weakness — Such considerations enable us to give a 
defimtion of colour weakness which may have practical value 
Children whose absolute threshold for a particular colour 
saturation lies appreciably below the average for their age are 
to be regarded as weak for that colour, although not in any 
sense subject to colour hhndness Such a test, when standard- 
ised, may have obvious vocational apphcations. 

Relation to Introspection. — ^Vanous views have been 
expressed for and against admitting children as subjects m 
psychological experiments Experimental pedagogy had been 
m existence for years before Wundt gave it his blessmg, for he 
hunself had used tramed adults m all his researches It all 
depends on the nature and difficulty of the mtrospection de- 
manded. I came to the defimte conclusion that m experiments 
like those desenbed in Section 1, exact psychophysical methods 
may be used with the average child of five years, as he can be 
shown to he a rehable subject. The age of four can roughly be 
regarded as the limit. 

Relation to Practice. — Practice does not seem to have 
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mucli effect on the magnitude of the absolute sensitivity for 
colour saturation. 

THE DIFFERENTIAL THRESHOLD FOR COLOUR SATURA- 
TION 

Sensitivity m this sense also increases with age, but on the 
whole the mcrease is not so marked as m the case of the ab- 
solute threshold This is rather remarkable, as one would expect 
psychological factors to play a more dommant role in the case 
of the differential threshold. Kobelt nevertheless concludes 
that the increase m the differential sensitivity with age is due 
to the operation of psychological factors. When siblings were 
tested Kobelt found no evidence of family resemblances with 
respect to differential sensitivity. Further, practice was found 
to have an effect, but only when prolonged 

SENSITIVITY IN LIGHT-ADAPTATION 
It IS well known that some mdividuals take much longer 
than others to see objects when they pass from daylight mto a 
darkened room This difference has a vocational significance. 
The taxi-dnver or the engine-dnver may at one moment be 
in bright lUummation and m semi-darkness at the next Night 
fiying aviators, in particular, should be quick adapters. 

Bennett^ studied the speed of adaptation from light to dark- 
ness of Standard VII. boys m Leeds. S’s eyes were directed, 
without fixation, for three minutes on a large white screen, 
one metre distant, which was illuminated by a 680-candle- 
power lamp This was deemed smtable, although the present 
writer had previously used a 1000-candle-power lamp for five 
mmutes in his experiments with air pilots * The lamp was 
screened so that its rays could not fall directly on S’s eyes. 
The lamp was placed on a table near S’s chair. Under the lamp, 
also one metre distant from the screen, was a small box con- 

^ E F Bennett, “Modem Developments to Safeguard the Vision of the 
School Child, with Some Expenmente on Visual Adaptation", M Ed Thesis, 
Univ of Leeds, 1927. 

> LI Wynn Jones, “A Method of Measuring Nyotopsis”, Bnt. Joum of 
PtychoL Tol 11, 1921 
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taming an electnc lamp, such as the Siemens 20 candle-power, 
gas-filled lamp (11-3 volts, 33 mm bulb). In the front of the 
box, facmg the screen, was a hole inches square, so that a 
patch of light could be thrown on the screen slightly below the 
level of S’s eyes when a shutter was raised. The small lamp is 
connected with a smtable accumulator and an ammeter. At the 
end of three minutes the big lamp is switched off and a current 
of 0-6 ampere is sent through the small lamp, and S is m- 
structed to say “now” when he can see the patch of hght To 
check the readmgs a cardboard with a hole m it was placed 
directly m front of the wmdow of the box The hole was either 
square, or triangular, or circular, and m each instance 0-5 
square mch m area The time taken by S to see the shape was 
noted It IS necessary to ascertam by prelimmary experiments 
what IS a smtable current for the particular lamp used It is 
also assumed that an absolutely dark room is available for the 
experiment. 

In a class of 31 boys, Bennett found that the qmckest 
adapter saw the hght after 1 min 21 sec , while the slowest 
took 7 mm 25 sec , the Quartiles bemg 2 mm 17 sec and 5 
mm 16 sec and Median 3 mm 40 sec 
The corresponding figures for shapes correlated almost per- 
fectly with those for hght, the Quartiles bemg 3 mm 43 sec. 
and 6 mm 49 sec. and Median 4 imn. 89 sec 
Bennett also found no correlation between the speed of 
adaptation and visual acuity as tested m dayhght by the 
ordinary Snellen Test, a result which is m agreement with 
those obtained by Flugel,^ and by the present writer. 

QUESTIONS 

1. Show how you would proceed to measure an absolute 
threshold and a differential threshold m the field of audition 
(cf E. B. Titchener, Experimented Psychology, vol. 2, Part 
1, 1905). 

2. Using a bag of flour smtably weighted, show how you could 
measure S’s ability to hit a mark distant 10, 20, 30, 40 and 

* J. C Flogel, “A Minor Study of Nyotopeis”, Bnt. Joum. of PsyduH 
Tol. 11, 1921 
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60 feet. Discuss the results with reference to Weber’s Law 
(cf. Chapter 24). 

3. Using golf balls and a jigger, mashie or mashie-mblick, 
measure S’s abibty to approach a flag distant 20, 40, 60, 80 
and 100 yards Discuss the results with reference to Weber’s 
Law (of. Chapter 24) 

4. Measure S’s visual acmty, for each eye, using Snellen’s 
Test Types and employmg Spearman’s Method of “Right 
and Wrong Cases” with the mtervals unequal (This ques- 
tion 18 for the advanced student Cf Brit Joum. of Psychol 
vol. 2, 1908, p. 227 ) 
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CHAPTER 14 


EXPERIMENTAL AESTHETICS AND ART JUDGMENT 
Experiment 1 Colour Pr^erence 

Mater ia ls — A supply of coloured papers should be avail- 
able 

Method. — The Method of Paired Comparisons — Suppose 
the colours to be compared are spectral Red, Orange, Yellow, 
Green, Blue, Indigo and Violet E prepares a set of squares of 
these colours, 4 x 4 cm and a neutral gray cardboard 20 x 20 
cm. pierced m the middle by two windows 3 x 3 cm and 8 cm 
apart Each colour should be compared with every other S 
sits at a table with closed eyes £ lays two colours on the table 
and places the neutral frame in position over them At the 
word “Now” S views them for two seconds and then gives a 
decision as to which is the more pleasant To ensure that all 
combinations are taken, the following chart is useful Note that 
each colour comes twice in succession Let it be at first on the 
right and then on the left m order to ehmmate the space-error 



Fio 24. 

Titchener’s Paired Comparison Table (E B Titchener, 
Expenmental Psychology, vol 1, Part 1, p 93). 
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Let the Roman numerals I, II, III, IV, V, VI, VII denote 
the colours R, 0, Y, G, B, I, V. Let the Arabic figures denote 
the number of the test, e.g. in square 1 appears the number 
of the colour preferred m comparison of II (left) and I (nght) 

If it IS not desired that the same colour should appear con- 
secutively, the foUowmg arrangement may be employed. Let 
Arabic figures now denote the colours. Arrange the combina- 
tions as m the foUowmg table: 

12 

13 23 

14 24 34 

15 25 35 45 

16 26 36 46 56 

17 27 37 47 57 67 

It is now easy to see that the foUowmg sequence wiU prove 
efiective- 12, 34, 56, 13, 24, 35, 46, 67, 14, 25, 36, 47, 15, 26, 
37, 16, 27, 45, 67, 23, 17. But m order to avoid the space-error 
it wiU be necessary to repeat the test with 21, 43, 65, etc. 

DISCUSSION 

It IS clear that the colour sense mvolved m the colour prefer- 
ence experiment drfiers fundamentaUy from the two mean- 
ings given to the term m the last chapter Sensitivity cannot 
now be measured by means of a machme. It is a question of 
taste or mdividual preference. Individuals differ widely and for 
vanous reasons m their preferences for colours Not only so, 
but some are so sensitive to colours that they find no difficulty 
when asked to say which of two colours is more pleasant. 
Others, however, are so blunt or insensitive that the task 
appears meaningless to them 

BuUough^ found that some individuals were more affected 
by the abjeettve aspect of a colour, e it was displeasing because 
foggy; others more by the phynologtcal aspect, eg it was pleasing 
because soothing; others more by the associattve aspect, t.e. the 

1 £. Bnlloogh, “The ‘PerceptiTe Problem’ m the Aesthetic Appreciation of 
Single CtoloDts’’, BrU. Journ. of Psychol, vol 2, 1600-8. 
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colour was pleasing or displeasing because of the things of which 
it reminded them; still others more by the character aspect, e.g 
a colour is pleasmg because truthful or displeasing because 
aggressive This, of course, must not be taken to mean that 
mdividuals can be divided into types It is perhaps not neces- 
sary now to ascertam to what degree the behaviour of the 
subject m these experiments may be regarded as emotive, it 
need only be noted that the methods used for investigatmg 
emotive behaviour are here apphcable At this stage a bnef 
account of such methods must suffice. They can be divided mto 
two classes, methods of impression and methods of expression 
In the former the subject gives an mtrospective report on his 
feelmgs when a stimulus such as a colour has been shown to 
him, or else the relative mtensity of feeling is estimated when 
one stimulus is paired agamst another In the latter ^ an attempt 

15 made, usually by comphcated apparatus, to note the bodily 
changes which have occurred, such as changes m breathmg, m 
the rate and amphtude of the pulse, m blood pressure, m 
heart action, m the psycho-galvanic reaction, m reaction 
times, m the strength and amphtude of muscular contractions, 
m salivary secretions or in the discharge of glycogen from the 
hver into the blood stream In many cases it is advisable to use 
the method of impression and the method of expression simul- 
taneously It will be convement to deal with the former first 

Methods op Impression — (1) The Method of Choice — This 
18 also known as the order of ment method Objects such as 
advertisements or pictures are simultaneously exhibited and 
the subjects are asked to assign the value of 1 to the most 
pleasmg, 2 to the next pleasmg, and so on It is obviously a 
rough method if only for the fact that so much is left to the 
whun of the subject, even though the objects are presented m 
a constant spatial arrangement 

(2) Method of Serial Judgments . — Each object is presented 
singly, after the subject has learnt a scale of absolute affective 
values such as: 1, very pleasant; 2, moderately pleasant; 3, just 
pleasant, 4, mdifferent, 6, just unpleasant, 6, moderately un- 

^ Cf P M Symonia, Dtofnonitg Pertonahty and Conduct, 1931, chap 11, 
Phiruologicol Measures of the Emotions. 
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pleasant, 7, very unpleasant As Myers ^ points out, this method 
serves as a valuable control over the method of paired com- 
parison, for although one object may be preferred to another, 
yet absolutely the subject may be indifferent to it, or may even 
dislike it. 

(3) The Method of Paired Comparison — This m many ways 
is the most searchmg, and is the method employed m the last 
experiment When a standardised scale of colours is in general 
use it wiU be possible to compare groups with respect to race, 
age, sex, culture or occupation As that has not yet matenal- 
ised it would take too much space even to summarise the re- 
sults of vanous experimenters usmg different colours Collins 
and Drever* refer to an mvestigation where men and women 
students put the saturated colours of the Bradley senes m the 
following order of preference 

Women Blue, Violet, Green, Yellow, Red, Purple. 

Men Blue, Violet, Purple, Red, Yellow, Green 

With young children yellows and reds would take a higher 
position. 

Experiment 2 Art Judgment 

Materials — The Meier -Seashore Art Judgment Test. 
Most persons complete the test within fifty minutes. The 
matenal consists of a book with 125 pairs of pictures, and may 
be obtained from the Bureau of Educational Research and 
Service, Umversity of Iowa. The pnce is very reasonable, viz • 
1 copy for $1; 10 copies for $8-75, 35 copies for $28-5, 100 for 
$75. Each S should complete the test according to the instruc- 
tions given with the test Without acquamtmg the Ss with the 
results as given in the key, the present writer has found it 
mstructive to ask each S to repeat the test after a week’s 
interval with the added instruction to give a reason for his 
preferences It will be found that the judgment has been altered 
in certam cases. Particular attention should be given to those 
cases and the reason for the change should if possible be ascer- 

1 C. S. Hyere, Textbook of Sxpenmental Paychology, 1811, Part 1, p 307. 

> M CoUuiB and J Drover, ExpenmentcU Psychology, 1920, p. 203. 
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tamed. By repeatmg the test m this way S may find it easier 
to analyse his judgments 

DISCUSSION 

Three acts are usually held to distmguish the human race 
from the rest of creation, the search for truth, the recogmtion 
of moral laws and the aesthetic appreciation of beauty. Atten- 
tion wdl here be confined to the last. 

Even the primitive savage does not devote all his days to the 
struggle for existence or to activities which are merely utih- 
tanan Deep m his nature are cravmgs for beautiful objects. 
He will barter valuable commodities or face dire penis for a 
mere trinket which has captivated his aesthetic sense. In other 
words, he is influenced aesthetically by certam objects which 
correspond to the “objects of art” of his more civilised brother. 
Crude as his judgment of such objects may be, it is nevertheless 
defimte and diflers m important respects from his judgment in 
captunng his quarry or ^htmg his enemies. 

In the laboratory also, if two tones diSenng m pitch are 
sounded in succession there is no difficulty in deciding by 
objective means whether S’s judgment is correct or not. 
Similarly with regard to the more noetic judgments which are 
demanded, for example, m a test of mtelligence or at a school 
examination. 

If, however, two pictures are presented and one is asked to 
mdicate a preference, how can it be ascertamed whether the 
preference is “correct”? Who is to set the standard? In fact, 

15 it at all certam that there is a standard? 

If two pamtmgs are recognised as masterpieces this diffi- 
culty will be easily apparent when they differ much m content. 
Thus a comparison of Hals’s “Laughmg Cavaher” with 
Turner’s “Crossmg the Brook” would appear futile in most 
aesthetic respects But even if the two differ much less with 
regard to the kmd of subject treated one may often experience 
the futihty of demanding a preference. For example, a com- 
parison of a landscape by Corot with one by Constable. It 
would appear that whatever art criteria be adopted, such a 
task IS bound to prove difficult or even impossible. Two 
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duSerent artists will difiei m aims, outlook and teclmique, and 
even two pictures by the same artist cannot, for similar reasons, 
be compared with facibty. Moreover, it does not m the least 
follow that if one expressed a preference for one pamting over 
another on a given day that he would always do so, there is the 
influence of factors extraneous to the pictures themselves to 
be considered. Thus if one had to decide between a hohday on 
skis in the Erzgebirge and a tnp to Madeira, each may be 
regarded sui genens as approaching perfection, but the de- 
cision actually made will probably depend on factors such as 
time, cost, possible compamons, the desire for vigorous exer- 
cise or for rest and the bke. Similarly m the comparison of 
pamtmgs when one subject preferred the one which would go 
better with his furmture. In the face of such difficulties it is not 
surpnsmg that experimental aesthetics has had to face formid- 
able criticisms, and there is an unwarranted tendency to as- 
sume that the cnticisms are fatal to expenmental aesthetics, 
especially by authors who by temperament would not be 
expected to be very sympathetic Thus Wilham James wrote, 
“It strikes me that no good will ever come to Art, as such, 
from the analytic study of aesthetics— harm rather, if the ab- 
stractions could m any way be made the basis of practice” ^ 
But that IS far from mamtainmg that the analytical study of 
aesthetics is futile, and even as it stands, the quotation is open 
to senous objection. No one has ever proved that analytical 
study hampers the work of the artist Tlie weight of evidence 
would seem to show that it may matenally help him Eobert 
Bridges expressed this very clearly “It (the natural impulse) 
may come to perfection only after long conscious toil and diffi- 
culty — ^and the sort of toil is different in the different arts. In 
all of them the Eeason is a most active helpmate, but always 
the servant of the emotion It is a mark of the consummate 
artist that the more he works on his production, the more 
he ‘touches it up’, the more ‘spontaneous’ it will appear.”* 
In agreement with this would appear to be Groya; “Fancy 
abandoned by reason produces impossible monsters; united 

1 W. James, Letters, vol. 2, p. 86. 

■ R. Bridges, The Neeetnty of Poetry, p. 39. 
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With it, she IS the mother of all the arts and ongm of its 
wonders ” Critics are apt to forget that the artist ma 7 be at 
one tune a creator obhvious of his noetic reasoning and at 
another tune a critical judge of his own production, and as a 
result continually improving it Such considerations will enable 
us to make the necessary reservations before accepting the 
views of Croce ^ as to the nature of art Croce demes — 

(1) That art IS a physical fact, eg. as consistmg of certam 
relations of hues such as the golden section. 

(2) That art has to do with the useful or with pleasure and 
pain 

(3) That art 18 a moral act. 

(4) That art has the character of conceptual knowledge 

In fairness to the cntics it must be acknowledged that the 
task of postulating art cntena is formidable. In recent years 
much has been heard of the effects of “conditiomng” and prob- 
ably all would agree that aesthetic judgments might be 
greatly influenced — either for better or for worse — ^by con- 
ditionmg Hence the enormous importance of ensurmg that 
the artistic stimuh presented to young children should be the 
most smtable And such conditiomng might well be with 
special reference to form or to content Not only so, but mere 
habituation often suffices to modify the agreeableness of a 
presentation Thus it has been said that the appreciation of 
quarter-tone music can be developed among Occidentals by 
repetition Such considerations, however, are hardly important 
enough to preclude the possibility of umversal standards 
Clearly if a test of art talent is to be seriously considered there 
must be some discussion of the art cntena mvolved Meier 
recommends “those tned and age-tested pnnciples of art which 
have come down to us as balance, harmony and rhythm with 
the related ones of stability, symmetry, proportion and unity” * 
Meier also insists that the cnterion of artistic nghtness should 
be unimpeachable. The art world should afford its sanction. 

* B Croce, Aesthet%c, trans by Ainsbe, also The Essence of Aesthetic, 
trans by Aitulie. 

• N. C. Meier, “Can Art Talent bo Discovered by Test DovioeoT” Paper 
read at the 23rd Annual Meeting of the Western Arts Association, May 6, 
1927, at Milwaukee, Wis. 
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The test device adopted in the Meier-Seashore Art Judgment 
Test IS to require a comparison between test items of different 
value as judged by competent judges, and further the content 
has been kept so much under control that only one element is 
varied at a tune By this means the need of comparing two 
works of art is avoided, for, stnctly speakmg, only one of each 
pair IS a work of art, the other violates m some particular one 
of those age-tested prmciples with which works of art should 
conform m all ages Taste fluctuates, styles of painting change 
and theones of art multiply but the great picture survives In 
the words of Delacroix* ‘"l^e true beauties of art are eternal 
and will be accepted by all ages” 

Further Examples of Experiments — BuUey ^ tested sub- 
jects from SIX to eighteen years of age with four pairs of 
pictures and asked them which picture in each pau* they pre- 
ferred. A marked dechne in taste was noted as the small child 
grew older Suggested reasons for the dechne are given, but the 
conclusions are only put forward as provisional, and wisely 
so, as there were only four pictures Gordon* used fifty coloured 
plates of Onental rugs which were arranged by judges into an 
order of merit Then the 1st, 3rd, etc , made up Senes I , and 
the 2nd, 4th, etc , Senes II The pictures of a senes were placed 
in chance order, and S had to arrange them m order of theur 
beauty He was also told not to think of theones of art but to 
judge them by the pleasure or displeasure they gave There was 
a wide diversity of judgment, and this was more marked 
among a group which consisted of twenty experts Nearly every 
rug was placed at the top and at the bottom by different 
judges Some mdmduals agreed with the group judgment 
much better than others, and if they did so in one senes they 
tended to do so in the other Between one group and another 
the measure of agreement is large, and this increases with the 
size of the group. But this careful mvestigation by a com- 
petent psychologist raises quenes which demonstrate the m- 
herent difficulties of the problem. If each rug was a work of 

1 Margaret H. BuUey, Art and Counterfeit, 1926, p 85 

• Kate Gordon, “A Stndy of Aesthetic Judgments”, Joum of Exp 
Psychol vol 6. 1933. 
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art, why ask the subjects to rank them* For in such case it 
might be argued that experts would hardly be likely to agree, 
and that what is surprising is the large degree of agreement 
found between groups of mdividuals who were not experts, 
especially as a judgment m terms of pleasure is for many 
obvious reasons unreliable And as regards the group order, 
attention must of course be paid to the composition of the 
group Gordon tested 207 subjects About one-half were 
undergraduate students of the Carnegie Institute of Tech- 
nology The majority of the rest were men and women with 
no academic connection, but probably above the average in 
artistic training 

Karwoski and Christensen ^ tested art appreciation m paint- 
ing, architecture, mdustnal arts, abstract designs and colour, 
using three methods (1) Comparmg two examples, one good 
and one bad The answer is covered by five specific reasons, 
only one being correct (2) A single picture is judged as good 
or bad, again checkmg one out of five reasons (3) Selecting the 
best of four examples of similar subjects 

As students of untramed groups overlapped mto the highest 
group, the authors suggest that art taste is native or early 
acquired Further, a correlation of about 0 28 between the 
tests and Thurstone’s test of mtelhgence was obtained. 

Another recent study is that of R Ahce Drought,* who 
accepts Hegel’s defimtion of art as “the free and adequate 
embodiment of an idea, in a manner pecuharly adapted to the 
idea itself”. The fundamental criteria chosen were umty, har- 
mony, proportion and congruity which are tentatively defined. 
A test battery of mne sets of pictures, five to a set, were made 
by experts. Each set dealt with one specific subject and con- 
sisted of the perfect picture; one violatmg unity by creating 
two centres of mterest; one violating harmony by omission of 
any suggestion of rhythm, or suggestion of relateiiess of parts 
other than a feehng of oneness and spatial relationships; one 
violating proportion by lack of balance m the composition; 

^ T. F Karwoski and E. O Christensen, “A Test for Art Appreciation”, 
Joum of Educ Psychol toI. 17, 1926 

* B. Aboe Drought, “A Survey of Studies m Experimental Aesthetics”, 
Joum of Educ Research, vol 20, No 2, 1929. 
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one violating congruity by introducing superfluous features or 
features unsuited to the general character of the composition. 
The paired comparison method was used Individual choices 
included all possibUities from choice of best picture to choice 
of the incongruous. In general, the order of preference was' 
perfect picture, that violating umty, that violating harmony, 
that violatmg proportion, the moongruous picture Trammg 
m art causes an mcrease of sensitivity but the various viola- 
tions were still found to be m the same order It is mterestmg 
to note that the younger children, up to about eleven years, 
placed the mcongruous picture first, but the adult and juvenile 
groups were less annoyed by a violation of unity than by a 
violation of harmony or proportion This is largely corroborated 
by Jacob ^ Meier-Seashore pictures were divided into three 
classes accordmg as they violated balance, harmony or imity 
It was found that secondary school boys, between the ages of 
eleven and seventeen inclusive, attendmg the City of Leeds 
School scored least marks on pictures violating umty, and up 
to the age of fourteen they scored most marks on pictures 
violatmg balance. 

Art and Noegbnesis. — Spearman* has recently appbed his 
fundamental pnnciples to the analysis of artistic creations. 
His law of energy, which enounces that the quantity of mental 
output must be regarded as constant, bids the artist to elim- 
inate everything irrelevant to his aim One is thus reminded of 
Alberti’s view: “I shall define beauty to be a harmony of all the 
parts m whatsoever subject it appears, fitted with such pro- 
portion and connection that nothmg could be added, dimini shed 
or altered but for the worse”.® 

The law of energy also bids the art teacher select pictures 
which do not unduly tax the mental span of the scholars. 

Further, Spearman’s prmciple of retentivity which demands 
repetition must be supplemented by his prmciple of fatigue 
which requires vanety. His fourth prmciple is that conation 
or stnvmg mtensifies cogmtion or j^owmg, and an attempt 

* K. K Jacob, “Art Judgment m School Children”, M A Thesis, Umv of 
Leeds, 1931. 

* C Spearman, Creaitm Mind, 1930 

* Cf M. H Bnlley, Art and Counterfeit, 192fi, p 14. 
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18 made to show how this pnnciple functions m art. The fifth 
pnnciple is that of “primordial potencies” which accounts for 
the widely difierent responses of difierent groups of mdividuals 
to works of art. Under this heading may be studied the difier- 
ences due to Age, Sex and Race. 

QUESTIONS 

1 Give mtrospections of your judgments in specified examples 
of the Meier-Seashore Test 

2 Do you find it possible to classify the pictures m the Meier- 
Seashore Test accordmg to pnnciples which are violated^ 

3 Strict symmetry is avoided m art, yet a pamtmg must be 
S 3 rmmetncal Explain 

4 What do you understand by the terms golden section, the 
heavmess pnnciple, empathy* 

6. Discuss any psychological difierences which may distmguish 
pictures appealing to chddren of about rune years from those 
which appeal to those of about thirteen. 

6 “But the judgment of taste is not founded on concepts and 
18 m no way a cognition, but only an aesthetic judgment” 
(Kajnt, AnalytiG of Subhme) Discuss the above statement 
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CHAPTER 15 


PSYCHOLOGICAL TESTS IN MUSIC 

Materials. — Seashore’s Measures of Musical Talent comprising 
BIX 12-in double records numbered A7536, A7637, A7638, 
A7539, A7540 and 53005-D obtamable together with a Manual 
of Instructions and Interpretations from the Columbia Gramo- 
phone Company, London 

Directions — It is recommended, if time allows, that a 
laboratory period should be devoted to each of the above 
records, testmg respectively the Sense of Pitch, Sense of 
Intensity, Sense of Time, Sense of Consonance, Tonal Memory 
and Sense of Rhythm Faihng that, E should take one or two 
of the records m detail and give a brief explanation of the 
others To get rehable results it is important that the instruc- 
tions which are given in the Manual should be ngidly followed 
The following extracts will mdicate the nature of the tests. 

Sense of Pitch (100 judgments) — “You wiU hear two tones 
which differ m pitch You are to judge whether the second is 
higher or lower than the first If the second is higher, record H, 
if lower, record L ” 

Sense of Intensity (100 judgments) — “You wdl hear two 
tones which differ m loudness or strength You are to judge 
whether the second is weaker or stronger than the first. If the 
second is stronger, record S, if the second is weaker, record W ’’ 

Sense of Time (100 judgments) — “You will hear three chcks 
mar king off two mtervals of tune. If the second mterval (that 
18 , the time between the second and third chcks) is longer than 
the first mterval, record L, if it is shorter, record S ’’ 

Sense of Consonance (50 judgments) — “You will hear two 
combmations of two tones each, one combination is better or 
worse than the other m consonance (harmony) A good combina- 
tion IS one m which the two tones are smooth, and blend, 
tendmg to fuse together into one A bad combmation is just the 
163 
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opposite If the second combination is better, record B, if worse, 
W” 

Toned Memory (60 judgments) — “In each tnal you will hear 
a senes of tones played twice. In the second playing, one note 
IS changed. You are to record, by number, which one was 
changed.” 

Sense of Rhythm (60 judgments). — “You will hear in rapid 
succession two rhythmic patterns; the second is either the same 
as the first or different. Listen and record either S, for same, or 
D, for different.” (The ezammer will illustrate what is meant by 
rhythm ) 

When a test has been concluded, each S should correct his 
mistakes, the correct answers bemg given orally by E from the 
key. It IS, however, instructive, if time allows, to repeat a test 
with the same Ss on another day, m that case, it would be 
advisable not to mark the tests until the second has been given. 

DISCUSSION 

Thej are happj men whoee natoree sort with their vocations 
P. Bacoh, Of Nature *n Jfen 

It IS now recognised that a good gramophone reproduces the 
artistry of a Caruso so accurately as to give enjoyment to 
discemmg musicians Further, thanks to the gemus of Professor 
Seashore, it has matenally aided psychological research m the 
field of music The present writer apphed the Seashore tests to 
64 Standard VII. girls m Leeds with the following results: ^ 

(1) The correlation coefficients between the first and second 
apphcations were. 

Pitch =0-76 Consonance = 0-39 

Intensity = 0-44 Tonal Memory = 0-86 

Time =0-40 

These figures were obtamed by changing the R-values of the 

^ Results dutnbuted at a Meetmg of Educational Section of Bnt. Psych 
Soc. in December 1923 At this time the Seashore Test for the Sense of 
Rhythm was not available 
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Foot-Rule formula (of Chapter 23) mto r-values by means of a 
table where 

r=2co8|(l-R)-l. 

Although only approximate, they mdicate the high rehability 
of the tests for the Sense of Pitch and for Tonal Memory 

(2) Fifty of these girls were also tested with Professor 
Spearman’s Group Oral Tests of General Abihty and the results 
correlated as follows 

Pitch = 0-40 Consonance = 0-01 

Intensity = 0-34 Tonal Memory = 0 30. 

Time =0-29 

Thus each test with the exception of the Consonance Test 
correlates appreciably with “g”. These coefficients would be 
still higher when corrected for attenuation. 

Seashore also found a relationship between mtelhgence and 
his tests, but attributes it to (a) that some children are so 
backward mentally that they are not able to do justice to their 
actual psychophysical capacity, and (6) that if a child is bright 
m music alone, this consideration would tend to improve his 
ratmg m general mtelhgence In our case (b) does not apply as 
mtelhgence was measured by group tests but (a) probably plays 
some part, not only here but m countless researches where 
performances m mtelhgence tests are compared with those m 
other activities With the exception of the Consonance Test, 
there is evidence then of positive correlation with mtelhgence, 
especially m the case of Pitch 

(3) Intebcokrelations. — If Pitch, Intensity, Tune, Con- 
sonance and Tonal Memory be denoted by P, I, T, C and M 
respectively, the first row m the followmg table gives the mter- 
correlations obtamed m the case of the fidty-four girls already 
mentioned, using also the same formulae; 

PI PT PC PM IT IC IM TO TM CM 

0-33 0 47 0 20 0-49 0-47 0-33 0-48 0 26 0-48 0-34 

0-22 0-40 0-21 0-42 0-41 0-36 0-42 0-27 0-43 0-35 

M 
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As already mentioned, fifty of these girls were given an intel- 
ligence test. It IS now instructive to study the mtercorrelations 
after eliminating the factor of mtelligence by the use of a partial 
correlation formula.^ The second row in the table gives the 
partial mtercorrelations, t.e. assuming all the girls to have the 
same general mtelhgence. 

The probable error* of the above coefficients is approxi- 
mately 0-1. If there is a factor common to these tests other 
than “g”, the application of the tetrad criterion might detect 
it (cf . Chapter 23) . Bnt even so, its specification would reinam 
a question for research 

Seashore and Mount* also found appreciable correlation be- 
tween sense of pitch and tonal memory This is not surprising, 
as some of the changed notes m the tonal memory test only 
difiered by a half-tone from the originals. 

(4) As the Consonance Test was not foimd rehable it was 
therefore subjected to detailed analysis. There were available a 
Standard VII class of 57 boys, another of 53 boys, another of 
59 guls, 36 graduate men students and 63 graduate women 
students m Leeds A rough estimate of the difficulty of each 
item m the test may be obtained by regardmg a judgment very 
easy when it receives 90-100 per cent of the votes, easy if 
80-90 per cent, medium if 70-80 per cent, hard if 60-70 per cent, 
and indeterminate if 60-60 per cent. 

Occasionally there were mterestmg differences between the 
judgments of boys and girls, of adults and children, of males and 
females. For those cases it would, of course, be inadmissible to 
pool the results. Especially dangerous would it be to assume 
that the judgments of children m the Consonance Test should 
conform to that of adults. Nevertheless, some broad conclusions 
may be drawn. It was found that the test could be divided mto 
five parts with about ten judgments m each, corresponding to 
the degrees of difficulties mentioned. And the value of the items, 
which appear m the class designated very easy, may only be 

* See Chapter 23. 

« IM. 

* C E Seashore and O. H Moont, “Correlation of Factors in Musical 
Talent and Training”, Univ. of Iowa Studies in Psychology, No. 7, Psychol 
Mon. toL 26, No. 2, 1918. 
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negative, viz. that if wrong judgments are prevalent for these, 
then S is not gifted m this direction. 

It was also found that, /or each group tested, the voting went 
decidedly against the Seashore key in the case of four judg- 
ments* 

(!) When the Octave follows the Fifth it receives 89 per cent 
of the votes, which is a majority for the key, but when it 
precedes the Fifth, only 41 per cent, which represents a majority 
agamst the key. 

(2) Also 68 per cent vote for the Major Third m preference to 
the Octave. This agam does not accord with the key But as 
Valentme ^ found the Major Third heading the list of pleasant 
chorda, our result is explamed if we presume that most subjects 
judged m terms of liking and not m terms of fusion as demanded 
by the instructions 

(3) When the Mmor Sixth follows the Mmor Third it secures 
77 per cent of the votes, a majority in favour of the key. When, 
however, it precedes the Mmor Third the votmg is 74 per cent 
against the key 

(4) Another notable case is that of the Mmor Seventh and the 
Major Second When the Seventh precedes the Second the 
votmg IS 85 per cent in favour of the Seventh m agreement 
with the key. WTien reversed, the votmg is 75 per cent against 
the key.* 

A cunous result was also obtamed with the Mmor Third and 
the Dmumshed Fifth. When the Diminished Fifth comes second 
it was preferred by 55 per cent, and when it came first, by 
60 per cent Thus m both cases the majority disagree with the 
key. The majority, it is true, is not very convincmg but it is 
consistent for each of the five groups tested. If we consult 
Helmholtz’s table of the comparative roughness of different 
bmary combmations, it will be seen that the Diminished Fifth 
has a roughness of 28, and the Mmor Third 20 So that m any 
case the comparison would not be expected to be very easy. 

^ C W Valentine, “The Aesthetic Appreciation of Mnmoal Interrals 
among Sohool-ohildren and Adults”, £r»< Jaam of Psydtol vol 6, Part 2, 
1913, p 196 

' LI Wynn Jones, “Expenmental Studies m Consonance and Rhythm”, 
Proe. of Vlllih Intemat Cong of Psychology, Groningen, 1926. 
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But the verdict of our subjects seems to show that the proverb 
of the early harmonists, M% contra Fa dtabolus est, no longer 
apphes to modem ears. 

Professor Seashore himself is well aware of the difficulties 
involved m the Consonance Test “Smce so much depends upon 
imderstandmg the defimtion of consonance, this test must be 
handled with caution — ^for children, because they may not 
understand, and with musically tramed persons, because it is 
difficult for them to lay aside the known functional laws of 
harmony” ^ Thus the instructions demand a judgment on 
smoothness, blending and fusion and usually there is no means 
of knowing the relative stress placed on each of these three by 
the person tested. Further, “feehngs of hke or dislike” and 
“theory or feelmg of musical value” may, and actually do, 
affect the judgments of some Ss although they are warned m the 
instructions not to pay attention to them Even if we agree 
with Professor Seashore m defining “more precisely our con- 
ception of consonance by basmg the decision upon a judgment 
rather than upon a feelmg and to specify as the basis for this 
judgment the cntena which we find mvolved”, yet the difficulty 
remains, especially with children, that a complex judgment 
mvolvmg at least three variables is required The mere fact of 
their presence may cause confusion even if the three are almost 
identical It is significant, however, that the median percentile 
rank for the Consonance Test m the class of girls was 76 while 
for each of the classes of boys it was only 49 This requires 
further mvestigation It may be a sex difference, notwith- 
standing that sex differences which can be defimtely estabhshed 
by exact statistical methods are somewhat rare. Or there 
may be a stronger tradition for aesthetic studies m girls’ 
schools, so that girls generally are more mterested m musical 
appreciation.® 

(5) The Seashore Tests exhibit mdividual differences in a 
remarkable way “We are dealing here not with differences of 
double, tnple, or quadruple merely, but with differences of a 

‘ C. E. Sewhore, The Ptychology of Miutcal Talent, 1919, p 164 

' Cf. Board of Eduo. Report on I^erentiation of Cnmonla between the 
Sexes m Secondary Sohoola, 1923, p. 106. 
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ten-fold, fifty-fold, and one-hundred-fold magnitude m actual 
quantitative measurement”.^ It becomes then a serious matter 
if too much IB expected m music of a pupil sadly lackmg in 
some musical endowment “Thus, a person who ranks 100 (m 
the Pitch Test) may hear a difference of one two-hundredth of a 
tone, whereas a person who ranks 1 cannot hear a difference 
of less than a half tone. The former is more than a hundred 
tunes as keen as the latter The person who ranks 60, and 
therefore average, can hear a difference of 2-7 vibrations; »,e 
five-hundredths of a tone ” * It is well to note that the standard 
IS A, 435 vibrations (i e. double vibrations), which is known as 
the standard in international pitch, and that the differences m- 
volved mthe successive columns of the Pitch Test are 30, 23, 17, 
12, 8, 1, 2, 3 and 6 vibrations, one vibration bemg equivalent 

to one fifty-fourth of a tone. 

An approximate guide, accordmg to Seashore,® in the voca- 
tional guidance of a Standard VII child as far as the Pitch 
Test alone is concerned is, if he can distmguish — 

below 3 vibrations, he may become a musician, 

3-8 vibrations, he should have a plam musical education, 

9-17 vibrations, he should have a plam education in music only 
if special inclination for some land of music, 
only 18 vibrations and above, he should have nothing to do 
with music 

As a result of his numerous mvestigations Seashore recom- 
mends his SIX tests as measures of musical talent, for he mam- 
tains that musical talent is a complex of many fundamental and 
relatively mdependent factors, and that the recogmtion of 
difference m lands of talent is the crymg need of musical 
education today Thus each one of the Seashore tests is held to 
measure some fundamental factor of musical talent, but no two 
of the tests measure the same factor 

As a contrast to the view of Seashore may be mentioned that 

^ G E Seashore, “A Surrey of Musical Talent m the Public Schools”, 
Univ of Iowa Studies, vol I, 1920, p 29 

* C E Seashore, Mamud of In«trvet%OHt for Measures of Musical Talent, 

V 8 e' 

* C. E Seashore, The Psychology of Musical Talent, pp 42, 66. v 
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of who distinguishes between musical talent as ex- 

hibited by a composer or performer and musicahty which 
enables its possessor to enjoy music. He holds that talent of 
necessity presupposes musicahty, but that an outstanding 
musicahty may be mbom m certam mdmduals with only a 
modest degree of talent He mamtains that musicahty cannot 
be regarded as a complex of fundamental factors has 

devised six tests of musicahty and he regards each of his tests 
to mvolve musicahty to a greater or less extent, just as each 
mtelhgence test m an mtelhgence scale mvolves general intel- 
hgence. They are 

(1) Mdodw Rhythm — Bars were played on the piano, and the 
child reproduced the rhythm by hand-clappmg 

(2) Absolute Heanng — A note was played on the piano, and 
the child tned to reproduce it by pressmg the correct key 
Eight notes were used altogether 

(3) ReUUtve Heanng — ^The interval to be tested was given 
melodically on the piano, then another note was struck, and the 
child was directed to transpose the given interval. Eleven 
mtervals were used 

(4) Chord Analysts — Chords consisting of two or three notes 
were played on the piano, and the child was asked to smg the 
component notes 

(5) The Perception and Voocd Repetition of Melodies — “Der 
Abendstem” (Schumann) was played once on the piano, then 
the first movement was repeated, and the child was asked to 
smg it Four movements were taken altogether This test is 
considered by R4v&z to be very closely related to musicahty 

(6) Instrumental Repetition of Mdodies {playing by ear ). — ^A 
simple Hungarian song, well known to each child, was played 
on the piano with one finger Then the child went to the piano 
and tned to play it. The number of mistakes was noted 

A new turn has recently been given to the testing of musical 
abihty by the researches of Lowery,* who emphasises the im- 
portance of distinguishing between the mterpretative and 

^ G R4v68z, “PrOfung der Musikabtat”, ZeOt. /. Psychol 85, 1920. 

• H Lowery, “Psychological Testa of Musical Abihty”, M Ed Thesu, 
Untv of Leeds, 1927 
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tecknical aspects of musical performance. After a careful critical 
review of all previous mvestigations on musical abilit7, Lowery 
describes four new teats wluch he has devised, namely, the 
Cadence Test,^ the Phrase Test,* the Accent Teat and the 
Memory Test * More recently Lowery* has devised two further 
teats, namely, a Quahty Test, where S has to distinguish be- 
tween the tone quahties of a piano, violm, clarmet, comet and 
flute, and a Creative Test 

A charactenstic of these tests is that they are all based upon 
actual musical matenal. Moreover, they provide excellent 
material for lessons on musical appreciation apart from their 
use for testmg purposes. 

QUESTIONS 

1. What methods have been used, or could be used, in order to 
detemune whether the Seashore Tests are measures of native 
capacities or of achievements* (cf Stanton and Koerth’s 
study mentioned in the references) 

2 The foUowmg twelve tests were taken with a large group: the 
SIX Seashore Tests, and six tests of “mtelhgence”, namely. 
Analogies, Completion, Instructions, Opposites, Inferences, 
and Classification What results would you expect from a 
study of the ensumg tetrad differences* Give reasons for 
your answer. (Cf. Chapter 23.) 
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CHAPTER 16 


MANUAL DEXTERITIES THE CONTROL OF TIME, 
STRESS AND RHYTHM 


Materials — A Kymograph. A Marey Tambour with a straw 
lever at the end of which is a barograph pen A tapping key 
with a spnng powerful enough to give approximately the same 
“touch” as that of a piano key A circular hole is made m the 
base to accommodate the closely fittmg metallic box A whose 
top 18 covered by a rubber membrane The rubber tube B passes 
mto the metalhc box through a hole m its side and has its 
other end attached to the tambour, so that the transrmtted 


vibrations may be registered on the kymograph The kymo- 
graph actually used had a circumference of 50 centimetres and 
its rate was such that a pomt on its circumference travelled 
1 -1 cm. m one second. But so many experiments can be arranged 


that it IS impossible to suggest 
for all In the experiments 
described below the tappmg 
key was not used, as a device 
made for the writer by Messrs 
Chappell & Co , London, was 
available. It was a model of 
the action section of a piano. 
As it was not found practic- 


best size and the best rate 



able to measure the force of ‘ 


the blow of the hammer, it 


was nevertheless found, after preliminary experiments, that 
the apparatus could profitably be employed by bormg a hole 
m the base and using a metal box as indicated above. But ob- 
viously the simple key would serve equally weU 
Directions. — (1) Control of Time Test — “Tap on the key 
with the first finger m time with the metronome After eleven 
taps I shall stop the metronome but you must contmue to tap 
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at the same rate as before, just as if the metronome was beating 
tune. Keep on doing this until I tell you to stop. Do not tap too 
heavily.” 

This IS done once by S for practice and is not registered on 
the drum. The tnal is then repeated and registered. S should 
be told not to tap heavy enough to cause the lever to attam its 
maximum amphtude, for this, whilst not affectmg the present 
test, would obviously vitiate the tests mentioned below. S is 
also requested to lift his finger from contact with the key after 
each tap. S actually taps twenty-one times, eleven with the 
metronome and ten without 

(2) Control of Irdermly Test . — “Tap on the key with the first 
finger twelve tunes, each tap to be exactly alike as far as 
possible, always tappmg with the same pressure or force and 
touchmg the key always at the same place ” 

This 18 done once for practice and is not registered. The trial 
IS then repeated and registered. S is told that the first two taps 
serve to give hun an idea of the force necessary to comply with 
the instructions and that only the last ten taps will be measured. 

The followmg additional tests may be taken by students 
specially mtcrested 

(3) Control of Time and Intensity Test — Similar to Test 2, but 
with the added injunction that the tappmg should be as 
regular in time as possible. 

(4) Trochee Rhythm Test . — “Tap ‘heavy, hght’ on the key 
with the first finger imtil told to stop Keep regular tune, that 
is, do not go faster or slower, also keep the pressure regular, t.c. 
every heavy tap should have the same force and every hght 
tap the same (smaller) force. Be careful not to make the heavy 
tap any heavier than m the previous tests.” 

Ten pans of “heavy, light” taps to be done for practice with- 
out registration and then ten pairs registered. 

(6) Dactyl Rhythm Test — A similar test to Test 4 with the 
pattern “heavy, hght, hght”. 

(6) Five-finger Test . — “Tap the same key with thumb, 1st, 
2nd, 3rd and 4th fingers in succession, each tap to have the 
same force. Repeat this five times for practice without register- 
ing, then the test is done agam with registration.” 
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If there is a tendency to tap too hghtly or too heavily with 
any finger, it will be shown on the record 

(7) Mtmmum Pressure Test . — It is recommended that the 
straw lever m this test should be at least eight inches long in 
order to magmfy the tracing exhibitmg the movements made. 

“Tap on the key with your first finger so as to move it as 
httle as possible Keep domg this until 1 tell you to stop Be 
sure that you move the key, but make the movement as small 
as you possibly can every time.” 

This IS done twelve times for practice without registration 
and then twelve times with registration, the last ten taps being 
measured, i e. the heights through which the lever moves each 
tune is measured 

DISCUSSION 

How sotiT sweet mosio is 

When time is broke and no proportion kept. 

Shaebspeabe, Rychard II. V 6 

The apparatus described m this chapter enables the student 
to carry out diverse tests on the control of time, control of 
stress, control of rhythm, a companson of the sensitivity of 
the difierent fingers, etc The mstnictions can be earned out by 
children m Standard VI. and the performances of adults and 
of skilled pianists may be obtamed for companson 

Tappmg with the finger is an activity which can be tested 
with regard to several aspects’ 

(1) The speed of tappmg has received very much attention 
from psychologists It is comparatively easy to measure the 
speed which it was thought would have many practical uses. 
Ream ^ mentions eighteen of the prmcipal uses to which the 
test has been put 

(2) The regulanty of tappmg with respect to time has received 
far less attention. Over twenty years ago Seashore* at the 

‘ M J. Roam, “The Tappmg Test a Measure of Motility”, Psychol Mon , 
1922 Cf also S NuruUah, “A Study of Rhirthm and Psychological Methods 
of developing Regulanty of Time and Stress m Movement”, M Ed Thesis, 
Umv of Leeds, 1927 (on file), G. M Whipple, foe ett Part 1, pp 130-147. 

' C. E. Seashore and 0 H. Mount, “Correlation of Factors m Musical 
Talent and Training”, Psychol. Mon , 1018. 
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University of Iowa had devised apparatus for measuring the 
“time of free action” and the “tune of regulated action”. The 
regulanty of the former was measured m terms of the average 
error m the free tapping of time at the rate of one tap per second; 
the regulanty of the latter was measured m terms of the average 
error m keepmg time with a chck made at intervals of one 
second. By means of an mgemous adaptation of Seashore’s 
phonograph chronograph Prof. R. H Seashore^ has recently 
developed a motor rhythm test by means of which a subject’s 
temporal precision m tapping to a prescnbed rhjiihm may be 
measured 

(3) The regulanty of tappmg with respect to intensity or 
stress is another important aspect which has received still less 
attention from psychologists. 

(4) Fmally may be mentioned the sensitivity m the sense of 
the dehcacy m moving a key as little as possible 

It seems to the wnter that the second, third and fourth 
measurements in their practical apphcations may far outweigh 
in their importance the first, the measurement of speed A 
brief summary of tests taken by the present wnter durmg the 
session 1922-23 will therefore be given. 

The subjects were 48 Standard VII boys from the Blenheim 
Elementary School, Leeds, and the wnter is mdebted to Mr. 
Whatmoor, the Headmaster at that time, for allowing the boys 
to visit the laboratory In Test 1, the Control of Time Test, the 
range of the boys’ vanabihty * vaned from 1 -1 per cent to 10 per 
cent with 

Upper quartile . . 3-2 per cent 

Median . . .3-7 ,, 

Lower quartile . 4’5 „ 

In Test 2, the Control of Intensity Test, the range of vanabUity 
extended from 2 per cent to 61 per cent with 

Upper quartile . . 6-0 per cent 

Median . . 10-6 ,, 

Lower quartile . . 18-0 ,, 

1 R H Seashore, “Studies in Motor Rhythm”, Psychol. Mon , 1927. 

* Of Chapter 23. 
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JUDGING TIME AND MARKING TIME 

Moreover, these boys had taken the Seashore Test of the 
Sense of Tune which requires the judging of time, whereas the 
markmg of time is required in Test 1. The question therefore 
arises: Do those who excel m one of these tests necessarily or 
usually excel m the other? The percentile rank^ of each boy m 
the Seashore Test for the Sense of Time was calculated and also 
the variability of each boy m the Control of Time Test (tappmg) 
Thus two senes of values were obtamed, one for judgmg tune 
and one for marking tune They yielded a product-moment* 
coefficient of correlation of 0-32 (probable error bemg 0-09) 
Thus the two abihties do not correlate very closely and this 
result might possibly have been predicted, for do we not some- 
times meet mdividuals who excel m pomtmg out the tnvial 
errors of others m some motor tasks although their own errors 
at the same task could by no means be regarded as tnviaD Or 
a poet may extol the grace of the harvester by the plprase 
“rhythmic as the swish of the swmgmg scythe”, although 
unable to wield a scythe himself 

Of these 48 boys, it was found that 14 were above the average 
of the class in judgmg time and below the average in markmg 
time But only 7 were above the average m markmg and below 
the average m judgmg time This suggests that if a person can 
mark tune well, we have at least some hope of his judgmg tune 
well, but if a person judges tune well, we are not justified m 
havmg the same degree of assurance that he will mark time 
well* 

REGULARiry IN TIME AND REGULARITY IN INTENSITY 

When the results of Test 1 and Test 2 were compared* it was 
found that there was no correlation between the abihty to tap 
regularly m time and the abihty to tap regularly m mtensity. 
Moreover, no correlation was found between these abilities and 
“general mtelhgence”. Whether these provisional conclusions 

* Cf Chapter 23 • Ilnd 

• Cf LI Wynn Jones, “Tests of Musical Ability”, Child Ltfe, June 1926, 

and “Experimental Studies m Consonanoe and Rhythm”, Proc of Vlllth 
Internatvmal C<mgrua of Psychology, Groningen, 1926. * Ibid. 
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would hold after prolonged practice remains, of course, undeter- 
mined. 

METHODS OP TRAINING REGULARITY IN TIME 

(1) Visual Method — A horizontal hne is drawn on the 
kymograph paper and a series of marks are made at regular 
distances which represent one second when the drum is movmg 
at the speed used in the experiments. 

Ss are instructed “Note the marks on the line In one second 
the drum moves so that the pen traces a hne from one mark to 
the next. In tappmg, try to get the pen to pass through each 
successive mark m its upward movement.” 

Ss in this group are allowed 30 taps daily for five days. 

(2) Auditory Method — Ss are instructed “You will hear 
a metronome ticking seconds Be careful to tap as nearly with 
the ticking of the metronome as possible ” 

Ss in this group are allowed 30 taps daily for five days 

(3) Counting Method — Piano teachers often recommend 
the system of playing to the counting, so in this method Ss were 
advised to tap to their counting and were instructed thus “You 
are to tap at regular mtervals of a second. It will be helpful to 
you if you try to find out which countmg wiU suit you best It 
may be 1, 2, 3 or 1, 2 every second, or any such sequence. 
Havmg detenruned that, always tap to your countmg and do 
not count to your tapping ” 

Ss m this group are allowed 30 taps daily for five days 

METHODS OP TRAINING REGULARITY IN INTENSITY 

(1) Visual Method — Two parallel horizontal fines are drawn 
on the drum, 3 cm apart. The pen, when at rest, was on a level 
with the lower fine. Ss are instructed- “You are reqmred to tap 
with such force that the pen just reaches the upper fine at each 
tap You can do that only if you use a constant force Pay no 
heed to regulanty of time.” 

Ss in this group are allowed 30 taps daily for five days As the 
drum was not screened S can see the result of his tapping and 
regulate his touch accordingly. 
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(2) Obal Instruction Method — The two parallel lines were 
drawn as in the former method. But instead of having the drum 
visible it was screened. Instead of visual gmdance, another kmd 
of guidance was given, namely, verbal instructions Ss were 
instructed: ^ “You are to use the same force every tune you tap. 
When you use too great a force, I shall call out ‘Big’ and you 
will have to decrease it the next tap. If you use too small a 
force I shall call out ‘Small’ and you will have to mcrcase it the 
next tap If you use the nght amount of force I shall remam 
silent which means that you are to use the same force agam. 
Pay no heed to regularity of time.’’ 

Ss in this group are allowed 30 taps daily for five days 

(3) Self-rivalry Method — ^This method can also be adapted 
for trainmg regularity m tune Each S is shown his record after 
each practice of 30 taps and his errors are pomted out with a 
view to his improvmg each day on his previous performance 

Ss in this group are allowed 30 taps daily for five days 

All these methods, except the last, were used by Nurullah, 
who had four subjects in each of his traming groups. When the 
performances of each group were compared with that of a con- 
trol group, there was no defimte evidence of the value of any of 
the methods after a fortmght’s practice, the Ss bemg then re- 
tested with the original tests It is true that some had improved 
but others had actually deteriorated. This is not so surpnsmg 
m view of R H. Seashore findmg only a shght improvabihty 
m motor rhythm And as regards improvabihty in the sensory 
rhjiihm test of C E. Seashore, Miss Klaver* found that two 
months of intensive trainmg of all sorts — marching, clappmg, 
beating time, listemng, etc , failed to show a significant rise m 
the average of the group It should again be emphasised that in 
R. H Seashore’s motor rhythm test, S has to tap, whilst m 
C E Seashore’s sensory rhythm test, S has judge 

A Comparison of Motor and Noetic Variability — In 
companng the vanability of an mdividual in judging rhythm 
with his vanabihty m markmg rhythm, one is mclined to con- 

> Nurullah emplo 7 ed this method in 1026 [op ct( ) and could not therefore 
profit from a somewhat similar device used by Thorndike (cf “The Law of 
Effect”, A m«r Journ of Psychol vol. 30, 1927). 

' B H. Seashore, op at. p 180 
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elude that he is more variable with respect to his fellows in the 
latter than m the former. The general factor “g” tends to keep 
the former withm certam limits, but considerable fluctuations 
are found m motor performances even in the case of persons 
possessmg an innate motor abihty which has been practised 
over a prolonged period. In other words. Man is not a machme. 
Common observation would seem to show that similar results 
hold for more complex motor activities, e.g the long handicap 
golfer may expenence both the thrill of breaking eighty and the 
annoyance at totalhng a hundred strokes But the formulation 
of the laws of motor vanabihty is a task which has hardly yet 
begun and will require prolonged research into the nature of the 
specific factors which function in particular motor activities 

The Natuke of Rhythm. — Ongmally “rhythm” seems to 
have denoted movement, probably of the sea or the nver. Later 
on it mcluded the concept of gracefulness, and was apphed 
sometimes to thmgs without movement, e.g. garments. It was 
also used by the Greeks analogically to denote moral or aesthe- 
tic characteristics, although a classical scholar ^ finds it difficult 
to distmguish between their use of the words “symmetry” and 
“rhythm” Passmg on to modem times, two defimtions of 
rhythm may be given Accordmg to Sonnenschem * "Rh3d;hm is 
that property of a sequence of events in time which produces 
on the mind of the observer the impression of proportion 
between the durations of the several events or groups of events 
of which the sequence is composed.” It will be noticed that 
“stress” IS not exphcitly mentioned m his deflmtion, but he 
agrees that the ictus or stress or accent which is mdicated by the 
bar-hne, may form part of “that property of a sequence of 
events m tune” (musical notes m this case). 

Not very different is the deflmtion of R. H. Seashore * 
“Motor rhythm, as distinguished from other forms of orderly 
action, may be defined as a progression m action by balanced 
deviations in tune, mtensity, or quahty from the simple 
periodicity of any regular recurrent action.” However, m the 
R. H. Seashore motor rhythm test, which is an adaptation of 

1 E. A. SonoensoheiD, What it Bhgthm! 1925, p 15. 

* Op. cit. p 16. 

* R. H. Seashoie, op. nt. p. 142. 
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the C. E Seashore phonograph chronograph, the factors of 
intensity and quahty are constant and the criterion of abdity 
IS temporal precision 

Objections to the use of tests of motor rhythm are sometimes 
based on the fact that no musical performer adheres to the 
time-values mdicated by the score, but instead adds greatly to 
the expressiveness of the music by means of small variations 
of the tempo, m other words, by phrasmg Especially so m the 
case of an organist where phrasmg is produced without the aid 
of vanations m loudness. The reply to such criticism is that in 
order to produce the phrasing, the performer must obviously be 
able to control the time accurately enough to enable his listeners 
to appreciate his phrasing. 

Time-values which differ from one another up to a certam 
himt may yet be regarded by the hstener as eqmvalent. This 
IS markedly the case m verse. Thus the following hne of Tenny- 
son when recorded on the kymograph by Sonnenschein ^ showed 
the following ratios of duration 

The long hght shakes a-cross the lakes 
12 : 31 . 27 . 45 . 7 : 34 : 9 • 65 

These figures do not exhibit anything hke a constant ratio, 
whether of foot to foot or of rise to fall withm the foot, yet a 
certam impression of proportion between the durations is pro- 
duced on the mmd of the hstener. 

Even expert players in music by no means produce the 
theoretical values for the temporal relations mdicated by the 
score Yet their listeners are entirely unaware of the fluctua- 
tions. Thus Morton,* usmg an electrical t unin g-fork making 
128 vibrations per second, measured the degree of regularity 
attained by players on the piano. For the most expert player 
the average interval (over 22 notes) was 28-7 vibrations, the 
least 26 7, the greatest 30-0, and the standard deviation 0-96. 
At the other extreme was a player with an average of 32-7, 

^ Op. at p 32 

• W. B. Morton, “Some Measaremente of the Aocnrsoy of the Time- 
mtervals m playing a Keyed Instrument”, Bnt. Joum of Payehol vol 10, 
1020. 

N 
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varying from 22*9 to 46*6, a standard deviation of 5-56 
vibrations. 

In agreement are the results of Stetson and Tuthill ^ where 
the records of six musicians showed time divisions for the dotted 
eighth-sixteenth umt-group which vaned all the way from the 
theoretical ratio 1 . 3 through 1 : 2 to 2 ‘ 3. It is true that the 
type of the umt-group at a given tempo for a given sittmg is 
fairly constant, but the type vaned widely not only from 
subject to subject and from tempo to tempo but also from 
sittmg to Bitting at the same tempo with the same subject. 
Moreover, the unaccented note was decidedly longer than 
the theoretical value at all tempos and with all subjects 

Practical Ability is a term which has been used rather loosely 
by different writers Sometimes it refers to innate aptitude or 
capacity, sometimes to acquired skill Moreover, tests which 
involve bodily movements differ widely with reference to the 
relative importance of “mtelhgence” and manual skill for suc- 
cessful performance The foUowmg rough classification may 
serve as illustration 

(1) Bductive Tests (a) those makmg considerable demands 
on “g” but not on manual skill, such as Healy’s Picture Com- 
pletion Test,® some of McFarlane’s* tests which were labelled 
tests of “practical abihty”, also some of Vickers and Hoskm’s* 
which were labelled tests of “practical abihties”. 

{b) Those demanding “g” and also some manual skdl such as 
Kelley’s Test of Constructive Abihty ® 

(c) Those demandmg “g” and also a “mechamcal factor’’ but 
no manual s kill (cf. Cox’s Tests m the next chapter). 

(d) Those demanding “g”, one or more mechanical factors 
and some manual skill (cf Stenquist’s Tests m the next chapter) . 

I B H Stetson and T E Tnthill, “Measurements of Rhythmic Dnit- 
gronps”, Psychol Mon, Tol 32, 1923 

* W Healy, “Piotonal Completion Test (2)”, Journ of Applied Psyched. 
vol 6, 1921 

* M McFarlane, “A Study of Praotioal Abihty”, Mon SuppL 8, BrU 
Jonm of Psychol 1924 

* W Vickers and V. U Hoskm, “Results from some New Testa of Practical 
Abihties”, Joum of Psyefud toI 20, 1929 

* T. L Kelley, “A Constructive Abihty Test”, Joum of Edue Psychol. 
Tol. 7, 1916. 
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(2) Motility or Dexterity Teste depending more on specific 
factors and demanding strength, speed, dehcacy of touch or 
steadmess, such as those of Pemn,^ E H Seashore,* Earle * and 
others 

Extensive testing of various forms of motor ahihty has 
tended to disprove three views which were sometimes held. 
There is no general motor abihty, neither can motor abdity be 
considered dependent on a number of simple vanables like 
speed of reaction, nor else on a relatively small number of basic 
motor capacities On the contrary, motor abilities are highly 
specific when the influence of “g” has been elimmated 

QUESTIONS 

1. What distinctions have been drawn between “skill” and 
“dextenty” when apphed to descnbe the behaviour of an 
individual m a specific task^ 

2. What theones have been advanced to account for the 
observed mdividual differences m motor bIqIIb? 

Beferencbs 

(additional to those mentioned m the text) 

1 W R Mdes, “A Pursuit Pendulum”, Peychol Rev, vol 27, 1920 

2 C F Hansen, “Senal Action as a Basic Measure of Motor Capacity”, 
Psychol Mm vol 31, 1922 

3 B Muscio, “Motor Capacity with special reference to Vocational 
Guidance”, Bnt Joum of Psychol vol 13, 1922 

4 G Ehmger, “Recherches but le d^veloppcment de I’habilit^ manuelle 
par la pratiquo d’un metier manuel”. Arch d Psychol vol 20, 1927 

6 W R Miles, “A Rotary Motihty Test”, Joitm of Oen Psychol, vol. 
1, 1928 

6 F Akroyd, “Some Tests and Correlations of Hand-eye Co-ordma- 
tion”. Forum of Eduealum, vol 6, 1928 
7. H AntipoS, “L’^volution et la vanabiht^ des fonotions peycho- 
motnces”. Arch d Psychol, vol 21, 1928 

^ F. A C Perrm, “An Expenmental Study of Motor Abdities”, Joum. of 
Exp. Psychol vol 4, 1921 

■ B H Seashore, “Individual Difierences m Motor Skills”, .loKm of Qsn 
Psychol vol 3, 1030. 

» F. M Earle, assisted by F Gaw and others. Tils if wMtiremsniso/Jfaniwi 
DexterUxss, Rep 4 Nat Inst of Indust Psychol , 1030. 
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8 A.Gemelli, “Recherches but la nature derhab]litimanuelle”,Joum, 
d Psychol vol 26, 1929. 

9. A E Weui8 Long and T H Pear, A Classification of Vocational 
Tests of Dexterity, Rep No 64 of Indust Health Research Board 
of Med Rea Council, 1932 

10. J N. Langdon, “An Expenmental Study of Certain Forms of 
Manual Dexterity”, Ph D Theaia (on file), Umv of London, 1932. 
Cf also Rep No 66 of Indust Health Research Board, 1932 

11. E M Henshaw, P Holman and J N Langdon, “Manual Dexterity, 
Effects of Training”, Rep No 67, thid 1933. 
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MECHANICAL APTITUDE 

Materials — (1) The Stenqmst Picture Tests of Mechanical 
Aptitude Test I contains pictures of mechanical objects with 
questions about relationships Test II is somewhat similar but 
more difficult and involves verbal responses The tests may be 
obtamed from the World Book Co , Yonkers-on-Hudson, New 
York, m packages of 26 with Key and Class Record Test I , 
$1 •50, Test II , $1-50, Manual of Directions, 15 cents, Specimen 
Set, 30 cents 

(2) The Cox Tests of Mechanical Aptitude {a) Mechamcal 
Models (6) Mechanical Completion (c) Mechamcal Explanation 
(d) Mechanical Diagrams as descnbed m Mechanical AptUude, 
by J W Cox (7s 6d Methuen & Co , 1928) 

(3) The Stenqmst Assembly Test of Mechamcal Abihty as 
revised by the National Institute of Zndustnal Psychology. 
Directions are given in Tests of Mechanical Abdxty, by F M 
Earle and A Macrae and others (Ss 6d National Institute 
of Industnal Psychology, Aldwych House, London, W C 2, 
1929) 

Each of the above tests should be quahtatively discussed in 
class with a view to clanfymg the concept of “mechamcal 
aptitude” Defimte conclusions as to the scope of the vanous 
tests or quantitative data as to their relative efficiency cannot 
be obtained m the tune available on account of the complexity 
of the problem Thus Cox has later found evidence that the 
“mechamcal factor” present in his tests also plays a part in 
suitable tests of the mechamcal assembly type. In addition, 
evidence has been obtained for a “routme manual factor” 
associated with manual tests, and this factor is distmct from 
the mechamcal factor ^ 

1 Cf Kep of Bnt. Absoo. 1933, Rep of Comm%Uet on Factors involved tn 
Mechanical AMUg, p 306. 
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DISCUSSION 

After the maohine la finiahed, and the steam tamed on, the next is 
to drive it, and expenence and an exquisite sympathy must teach 
him where a weight should be applied or a nut loosen^. 

R L Stkvenson 

Reeordt of a Family of Enymeera, p 212 

The pioneer work on mechanical aptitude was carried out at 
Teachers’ College, Columbia University, where Stenquist,^ 
foUowmg a suggestion of Thorndike, experimented with the 
weU-known Assembly Tests and Picture Tests which have been 
recommended m this chapter. 

It IS common knowledge that mechamcal abihty or “machme 
sense” is possessed by some persons to a far greater degree than 
by others. But when attempts are made to assess this abihty 
by psychological tests, the difficulty of the task soon becomes 
apparent It is obvious that the age of the subject must be 
considered, also his degree of practice and the nature of his 
environment It is also not surprising to find that the subject’s 
general mental ability will favourably affect his performance 
to an extent dependent on the nature of the test But even if 
the subjects are of the same age and have had equal practice 
and a similar environment and possess the same measure of 
“g”, it IS still found that there are other factors which affect 
their performances with mechamcal apphances in real life 
Three of these factors deserve special consideration 

(1) Moral Characteristics — There are certam moral 
characteristics which, although of universal importance, require 
special emphasis when deahng with applicants for posts in- 
volvmg compheated mechanisms. There must be a steadmess 
and persistence m the care of the mechanism, a patience m 
dealing with mechamcal troubles, and truth, honesty and con- 
scientiousness m all deahngs with regard to it The importance 
of such moral quahties was clearly seen m the results obtamed 
by Greenwood* m his analysis of the quahties necessary for a 
chemist. A questionnaire was sent to fifty-two expert chemists, 

* J. L Stenquist, MeaewremenU of Mechanxcal AMUy, 1923 

' N Greenwood, “A Vocational Study of Chemistry with its Apphoations 
to Education”, M.Eld Thesis, Univ of Leeds, 1924 
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namely, teachers at universities, technical colleges and second- 
ary schools, city analysts, and industrial chemists engaged m gas 
manufacture, colour chemistry, textiles, orgamc chemistry, etc 
They attached much more importance to these moral quahties 
than they did to native intelhgence, experimental ability, 
memory, or such quahties as a steady hand or a keen eye.^ 
The foUowmg illustrations are taken from Greenwood’s account 

Case A — A research chemist of some years’ expenence was 
expenmentmg with gases when his apparatus commenced to 
leak He should have dismantled his apparatus and commenced 
a fresh “run” Instead he estimated the air leakmg m as 3 c c. 
Obviously he was no chemist 

Case B — Owmg to fear of trouble a chemist did not report 
a faulty working of a certam umt of a plant He would have 
had the fireman “on his chest” he gave as his reason.* 

At the nsk of emphasising the obvious, another illustration 
from another field may be given Assuming that a fnend wishes 
to engage a chauffeur and that the followmg table gives a 
brief psychographic account of three chauffeurs, X, Y and Z, 
made by a psychologist who is acquainted with them 



Moral qualities 
Steadiness, 
Honest) 

DrlTlng 

Abillt) 

Hoehanl- 

Aptltude 

Genial 

Companion 

General 

InteUlgence 

Appw- 

X 

C-1- 

C 

C 

A 

c 

c 

Y 

A 

B-t- 

B 

C 

B 

A 

Z 

D 

A 

A 

B + 

B + 



If provisionally all the qualities m the table are weighted 
the same, and if it be agreed to award 5, 4, 3, 2, 1 marks for 
A, B, C, D and E respectively, and to add a third of a mark for 
a plus and subtract a third of a mark for a minus, it will 
appear as if Z might be recommended, but his would-be 
employer may nghtly object to the scheme and reply that he 
does not particularly desire a boon companion or even high 
mtelhgence as long as he gets a man who is honest and can drive 

1 N Greenwood, “ A Vocational Study of Chemistry with its Apphoations 
to Ednoation ”, M.Ed Thesis, Univ of Leeds, 1924, p. 60. 

• Ibid p 36. 
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and look after his car, and he therefore decides to choose Y. 
Actually m this particular instance a judgment from general 
impression is very easily made. Y would undoubtedly be the 
best choice, and even X would be preferable to Z, which agam 
goes to confirm the heavy weighting which should be attached 
to moral characteristics 

Lack of these moral quahties also causes the partial failure 
of certam psychological tests when apphed m mdustry. A 
performance test may fail to correlate as highly as would be 
expected with the ratmgs of supervisors for the simple reason 
that some of the employees are careless m their work although 
under the stunulus of the test they show no lack of manual 
dexterity or whatever factor is operative in the test 

(2) Manual Dexterity — ^This is another factor to be con- 
sidered Some machmes, for example, a typewnter, demand a 
good deal of dextenty if little mechanical aptitude Indeed, the 
predictive value of tests of manual dextenty may be such as to 
warrant their mclusion m the testmg programme when testmg 
appheants for various manual trades ^ 

(3) Mechanical Aptitude.— Finally there is mechamcal 
aptitude as defined by Cox, namely, a group factor runmng 
through those operations m which the subject is called upon 
to deal mentally with mechamcal movements It seems to be 
an mnate aptitude which enables its possessor to thmk and act 
effectively m processes where the correlates and relations are 
spatial m character. “Such thmkmg mvolves not merely the 
apprehendmg of certain spacially arranged items,^ as m a 
design, nor solely m the eduction of their space relations 
whereby the design is known to have a definite shape, or 
pattern’ superimposed on this defimte arrangement of parts is 
movement — and as the items of the mechanism move their 
pattern contmually changes ”* In this sense it is a factor addi- 
tional to “g” but operatmg always in conjunction with “g” 
and distinct from manual dextenty. Cox pomts out that 

^ Cf Tetti of Medumxeal Ab%l%ty, Report 3 of the National Institute of 
Industrial Psychology, p 39 

• Cf W Blumenfeld, "Unteisuohungen fiber die Formvisuaht&t”, ZetlscA. 
/. Peyehdl 91, pp 1-82, 236-292, 1922. 

• J. W. Cox, op ett 181. 
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mechanical aptitude, thus defined, has httle scope in the 
activities of the usual school subjects, and it is therefore diffi- 
cult to judge whether a boy leavmg school is really fitted for 
an engineermg occupation which demands high mechamcal 
aptitude Hence the necessity for more tests The present 
writer 1 recently advocated that every child m the elementary 
school should get at least six hours’ testing during his school 
career, and his only regret is that he did not double this 

mimmiiTn 

The more advanced student may consult Cox’s work on the 
exact measurement of mechamcal aptitude. For lack of space 
no further discussion of the significance of the results for educa- 
tion and industry is here possible But reference may be made 
to one urgent problem' Tradition has smoothed the path of 
the pupil who specialises m pure science One consequence is 
that sometimes such a pupil regards himself as an altogether 
supenor being to the specialist m technological science The 
truth is often very diSerent The technological expert often 
“comes mto his own’’ m spite of the lack of facilities This is not 
surprising, for in addition to possessmg “g” m high measure, 
he also possesses a high measure of mechamcal aptitude. 
It is true that he often commands a pnneely salary but 
equally true that the State which provides suitable educational 
facihties for such cases will be amply rewarded 

QUESTIONS 

1 Distinguish between tests of mechanical abihty and tests of 
manual dexterity 

2 There is some evidence that a group factor is manifested 
for boys but not for girls m tests of constructive mechamcal 
ability Discuss possible explanations (cf. C Spearman, 
The Abihites of Man, p. 229). 

1 LI Wynn Jonos, “Vital Issues of Mental Testing", North of England 
Eduo Conf , 1930. 
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PERSEVERATION 

1. THE REVERSE STROKE TEST 

iNSTRTJCnoNS. — (a) “Wnte 123123 . . as fast as you can It 
will only be for 30 seconds Do not trouble to write neatly ” 
Before (a) is taken Ss should write the figures 123 three times 
for practice and then draw a Ime through them so that they 
will not be counted 

(6) “Wnte 123123 . . as fast as you can, butthis time reverse 
the direction of your movement m wntmg each figure Thus 
you start each figure at the pomt where you usually end it and 
finish it at your usual startmg pomt Do not trouble to wnte 
neatly. If you make a mistake, do not correct it but go straight 
on without stoppmg.” Time allowed — 2 mmutes Before (6) is 
taken 8s should be instructed to start on the left of the paper 
and go nght across to the nght, and likewise for the succeeding 
rows A blackboard iUustration should also precede (6) m 
order to make clear how each figure should be written. Ss 
should then practice writmg 123123 m this way for 16 
seconds and then draw a Ime through them so that they will 
not be counted. If and n, are the numbers of figures wntten 
in (a) and (b) respectively, then a possible measure of the 



The symbol -hjr, the Greek pm, will be used to denote this 
hmdrance or perseveration score, seeing that the letters p, s 
and t stand for perseveration, secondary function and inertia 
respectively. 

2. THE “it” TEST 

Instructions — (o) “Copy as fast as possible m your own 
ISO 
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handwriting the passage given below. Do not trouble to write 
neatly ” Time allowed — 1 mmute 20 seconds. 

(6) “Copy the passage agam from the beginnmg, but this 
time do not dot the I’s and do not cross the i’s. If you dot one 
of the I’a or cross one of the t’a by mistake, do not stop to 
correct it but go straight on as fast as possible. Do not trouble 
to write neatly. If you finish the passage before time is up, 
start again from the beginnmg.” Tune allowed — 4 mmutes. 
At half-time “Cross” is called out and Ss quickly mark with a 
cross the pomt they have reached As before, possible measures 
3ni 

of -Jr would be Sn, - (n. - m), or else , where n, and n. are 

^ n^—m 

the number of words wntten m (o) and m (6) respectively, 
and m is the number of errors (t’s dotted or t’s crossed) 

Paragraph for “IT” Test 

Before this account of our mterestmg chmb is finished I 
must still mention the admirable work of our guide Vmoent 
Smith I therefore write this tribute to his vinle spmt and to 
the abihty with which Snuth brought us through the thick 
mist down the steepest side of the mountam, it was a magm- 
ficent exhibition of strength and skill, it was qmte impossible 
to see thirty feet m front through this thick mist yet Smith 
stiU went on with the utmost certamty, not once did he retrace 
his steps or exhibit the least hesitation. At last, though very 
tired and thirsty, we arrived at the foot of the glacier Here we 
met three guides who were setting out to find us, as it was 
thought we might have met with disaster. 

3. SIGNATURES TEST 

Until the test is standardised it is suggested that E should 
ask eight persons whose signatures are rather uncommon to 
sign their names on a sheet of paper with hectograph ink, so 
that they may be duphcated. Each S then receives a copy. 

Instructions — (o) “Copy this list of names in your own 
handwnting as qmckly as possible. If you finish before time, 
start agam from the beginning.” Time allowed — 1 minute. 
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(6) "Now copy the signatures as accurately as you can, keep- 
ing the size approximately the same ” Time allowed — 3 mmutes. 

In Tuarlfing the test the number of errors is noted By an 
error is meant the drawmg of a letter in a way which exhibits 
S’s style and which is appreciably different from the original 
3ni 

Measures of yfr would be 3nj - (w, - m), or ^ where nj and 

n, are the number of letters written m (a) and (6) respect- 
ively and m is the total number of errors m (6). 

4. MIRROR IMAGE TEST 

Instructions — (a) “Write BCDEFGBCDEFG repeatedly 

for 1 mmute as fast as you can ’’ 

(6) “Wnte the mirror image form of the same letters as fast 
as you can.” Time allowed — 2 mmutes At half-time “Cross” is 
called and Ss put a cross at the pomt they have reached 
Before (6) is taken Ss should practice wntmg the mirror image 

2nj 

form for 16 seconds 2w, - (wj - to), or - — ^ may then be 
calculated. 

5. “eee” test 

Instructions — (1) “Write eee . . for 30 seconds as qmckly 
as possible with good quahty ” 

(2) After 5-10 seconds’ rest (1) is repeated. 

(3) Same as (2) 

(4) “Write reverse-stroke e’s as quickly as possible with good 
quahty for 30 seconds ” 

(6) “Wnte alternately a normal V followed by a reverse 
stroke ‘e’ and so on, as qmckly ss possible for 30 seconds ” 

A measure of perseveration is 

n, n, 

■Jr = — +—, 

where Rj is number of letters per 30 seconds when wntten m 
the usual way, Rj is the number of reverses in 30 seconds, and 
R 3 is the number of normal and reverse letters m ( 6 ). 
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THE CONCEPTS OF PERSEVERATION, SECONDARY FUNC- 
TION, AND INERTIA 

More investogations are desirable in order to ascertain the 
relations between perseveration as operative in tests such as 
have been described, and perseveration as defined by Neisser, 
G. E. Muller, Wiersma and others The psychiatrist Neisser, in 
1894, seems to have been the first to use the term “persevera- 
tion” to denote the abnormally persistent repetition or con- 
tmuation of an activity after the activity had been once begun 
or recently completed. 

Muller,^ shortly afterwards, used it to denote “the tendency 
which every idea has, after once bemg m consciousness, to 
remount freely mto consciousness”, e.g the humming of a 
melody or the repetition of a phrase such as Mark Twam’s — 

Punch, brother, punch, and punch with care. 

Punch m the presence of the pasaengcr 

Instead of perseveration Otto Gross,* m 1902, mtroduced the 
terms “primary” and “secondary” functions of the nervous 
system- “Each nervous element whose primary functional 
excitement means the occurrence of a presentation in con- 
sciousness persists secondarily after the presentation has 
quitted the span of consciousness That is to say, it remams for 
a further long period m a state of after-function”. ® 

Wiersma,* also Heymans and Brugmans,® took over this 
notion of secondary function and mcluded sensory and motor 
aspects m their testmg Thus m observing the red and green 
sectors of a disc rotating at an increasing rate of speed it was 
calculated that perseverators lost the two colours and com- 
menced to see gray much sooner than non-perseverators The 
impression made by the red has already died away with the 
non-perseverator but not yet with the perseverator, when the 
green impinges upon the same nervous element Hence the 

* G B MUlIer and A. Pilzeoker, ZeU*ck f Ptychol. Erginzungsband, I , 
1900 

* O. Gross, D%t cerebraU Sehmddrfanelvm, 1002. 

* C Spearman, The of Man, p 44 

* E Wiersma, Joum f Ptyehol. it Nev/r 8, 1906 

* Zett»ch.f Peydtol 7, 1913 
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fusion comes at a lower speed with perseveratois. When a 
Himilar experiment was demonstrated at the White City Ex- 
hibition some years later, it was reported that for Sir Wilham 
Crookes fusion occurred at a speed of only 900 revolutions per 
minute, whereas m the case of Mr. Bernard Shaw it was as 
high as 1800 r p.m. The former was informed that he was a 
person who liked to keep workmg at a problem until it was 
finished This apparently was correct as it was only with 
difficulty that Sir Wilham could be mduced to appear punctu- 
ally at the meal table. Mr Shaw, on the other hand, was told 
that he possessed the abihty to switch qmckly from one topic 
to another and those who have witnessed his ripostes to 
hecklers will agree that his powers of repartee excel those of 
most pohtical gladiators Be that as it may, it is obviously 
necessary to employ the method of correlation before any con- 
clusions as to the range of the concept can be formed Thus the 
important mvestigation of Lankes,^ who included m his tests a 
variety of different mental activities which were related to the 
various conceptions of perseveration, gave much gmdance as 
to which activities were mtercorrelated 

Speasman’s Law op Inertia. — This law is to the effect that 
“Cognitive events always both begm and cease more gradually 
than their (apparent) causes”.* 

Spearman had suggested provisionally that both the well- 
known factor of “g” and the factor of perseveration are general 
factors dealmg with mental energy, “as ‘g’ measures its quan- 
tity, so the perseveration may express its degree of inertia” * 
It IS well to emphasise that the provisional assumption of a 
“mental energy” is not essential to the discussion Spearman 
has now replaced the concept of “energy” by the cognate con- 
cept of “power” (energy divided by time) * More important is 
the considerable mass of evidence that perseveration is a broad 
group factor which varies mdependently of ‘ ‘g” It is mterestmg 

1 W. Lankes, “Perseveration”, £n( Jortm oj Peychd vol 7, 1915 

• C Spearman, The Nature of IfOeUtgence, p 133, also The AbtlUtes of 
Man, p 291. 

• C Spearman, The Abthiies of Man, p 306 

• C Spearman, “The Theory of ‘Two Factors’ and that of ‘Sampling’”, 
Bnt, Joum. of Educ Psychol vol 1, 1931, p 164 
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to note that Speaiman, even before presenting the Theory of 
Two Factors in 1904, had concluded that the endowment of an 
mdividual for one kmd of sensation did not tend to go with 
that for other imds to any amount exceeding what is already 
explamed by their respective shares m “g” ^ This negative 
result is a psychological fact which is, of course, mdependent 
of the fact suggested by researches on perseveration, namely, 
that the lag of an mdividual for one kmd of sensation tends to 
go with that for other lands. 

PERSEVERATION TESTS AND THEIR MARKING 

It has been found that tests similar to those descnbed in this 
chapter intercorrelate We will assume that perseveration is 
that factor which partly accounts for this mtercorrelation The 
nature of this factor may appear m a clearer hght if we note 
that many of the activities of the school child consist of well- 
established and long-practised habits, and if we ask what occurs 
when we attempt to introduce a change into such automatisms. 
Handwntmg is evidently an aulimrable activity for the expen- 
ment Thus m the Eeverse Stroke Test, and also in the “IT” 
Test* I have attempted to make S go counter to a strong “set”. 
The “IT” Test is rather different from a test where S would be 
told, e y to put a dot over the c’s and to cross the A’s This 
would Wve involved a new adjustment by addition, whereas m 
the “IT” Test we mterfere with a strong “set” by means of an 
omission Such a comparison shows why we cannot conclude 
that if an mdividual finds it difficult to break a habit he would 
also find it difficult to form a new habit. A similar device is 
employed m the Signatures Test I am mdebted to Professor 
Spearman for the Signatures Test and have used it m various 
forms The present form approxunates to Rangachar’s adapta- 
tion,® which seemed to give rehable results. It is, of course, 
essential that S should not hold the Signatures upside down as 

^ C Spearman, TAe AbUU%es of Man, p 234 

• LI Wynn Jones, Perseveration, Rep of Bnt Assoc., 1916, p 698 

* G. Rangaohar, “An Experimental Study of School ChildTen with regard 
to Some Racial Mental DiSerenoes”, M Ed Thesis, Vmv of Leeds, 1930. 
Of also “Perseveration among Jewish and English Boys”, Bnt Joum. of 
Edue. Payehol. yoL 2, 1032. 
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a profeaaional forger is supposed to do. The test exhibits great 
individual differenoes, some succeed m copymg the signatures 
very well, while others betray their own style of writing in the 
majority of letters written 

The present form of the Mirror Image Test is due to Bem- 
stem,^ and the “eee” Test is due to Stephenson * 

With regard to the measure of perseveration, or furnished 
by each test, Lankes, Hargreaves® and the present writer em- 
ployed the quotient method, that is, the ratio of the efficiency 
m (a) to that m (6). Later, Bernstein employed the difference 
method. Rangachar compared the two methods and found the 
difference method to 5 aeld a higher rehabihty for each test as 
well as to furmsh higher mtercorrelations, but unfortunately 
the difference measure often correlates highly with speed m the 
first part (t c. the (o) part) of the test, and as will be mentioned 
later m this chapter, Rangachar employed a measure of per- 
severation which was mdependent of speed m the first part of 
the test. 

Another measure of perseveration is that employed by 
Stephenson m tests like the “eee” Test 

]^BSBVBRATiON AND AoB — ^In 1923 I took three tests 
similar to those descnbed m this chapter with Standards II a, 
III.A, IV A, V A, VI and VII m an elementary school It was 
found that the median perseveration score, or -i/r, for each 
standard was fairly constant between the ages of seven and 
fourteen. 

It IS true that Ach* later expressed the view that in general 
the influence of perseveration on the behaviour of the child 
diminishes with age, but this view is apparently based on the 
early experiments of Ziehen® on the free associations of children 
and not on any experiments of his own Moreover, he is careful 
to specify “influence of perseveration” and suggests that it is 

' E. Bemeteia, “Quickness and Intelbgenoe”, £rU Joum, of Psychol. 
Mon. Snppl. No 7, 1924, p 13. 

* W. Stephenson, “Studies in Expenmental Psychiatry, 2”, Journ of 
Mnt 8ei , April 1932 

* H L Hargreaves, “The ‘Faculty’ of Imagination’’, Bnt Journ of 
Psychol Mon Suppl No. 10, 1927 

* N Ach, E KUhle and E Passarge, Perseveratton, 1926, p 240 

* Th. Ziehen, Vie Ideenassoiuaiondes£tndes,l. Abb., 1S08, II Abh,1900. 
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the older child’s greater steadfastness of purpose which tends to 
mask the perseveration. 

Pmard^ has recently come to the conclusion that persevera- 
tion actually increases between the ages of eight and twelve. 
But his measures of perseveration were obtained by the differ- 
ence method and he admits that the mcrease may have been 
influenced by the faster speed at which the older subjects 
worked 

Perseveration and Race — ^Rangachar has recently ob- 
tamed some mteresting results when comparing Jewish school 
boys in Standard V. of an elementary school m Leeds with 
correspondmg English boys of similar social class.* Seven tests 
of perseveration were apphed and for each test the Jewish boys 
were on the average more “perseverative”, as the foUowmg 


table shows. 

I) _ 

'crdllT 

(1) Inverted S Test . 161 

(2) Alphabets Test . 2 80 

(3) Reverse Stroke . 3 43 

(4) Mirror Image 1 12 

(6) Signatures . 6 47 

(6) Triangles . 0 76 

(7) Capitals 3 72 


Rangachar discusses the possible explanation of this differ- 
ence It was found that the Jewish boys were on the average a 
D 

httle more “mtelligent” as =1-43 (cf. Chapter 23) But 

this would not account for it, as it was found that there was 
no correlation between any of the perseveration tests and 
“mtelbgence” 

It was also found that the Jewish boys had on the average 
greater speed m the first part of each test, and as the measure of 
perseveration, employing the difference method, showed cor- 
relation with speed m the first part, it appeared that this would 
account for the difference. To settle this point, Rangachar re- 

* W J. Pmard, “Perseveration and Difficult Children”, Ph D. Thesis, 
Univ. of London, 1929, also “Tests of Perseveration”, £rt( Joum of Ptydial. 
vol 23, 1932, p. 13. 

' C. Rangaohar, op ctf. 
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marked the tests in such a way that the measure of persevera- 
tion was independent of speed in the first part of a test. This 
was efiected by means of Spearman’s formula for the correla- 
tions of sums and difierences But even now the Jewish boys 
were on the average more ‘ ‘perseverative” Further experiments 
along these lines with different racial groups would seem to be 
desirable It is interesting to note that Professor Fraser Hams 
as early as 1908 in his study of functional mertia from a more 
physiological standpomt states: “Place the Jew, for mstance, 
anywhere under the soft southern sky or the harsh grey north, 
and he never alters, he is the same physically and mentally as 
he was a few thousand years ago. neither time nor environment 
can change him” ^ 

RELATION BETWEEN PERSEVERATION TESTS AND CRI- 
TERIA OF PERSEVERATION 

Lankes framed an mterrogatory of thirteen questions which 
was given to his adult subjects, e g : “Which would you like 
better, to pursue one subject of study, one kmd of work, 
thoroughly and fully, or to have several things on hand?” The 
pool of his tests showed a correlation with this interrogatory 
of 0-41. 

Bemstem estimated the perseveration of school children by 
careful observations and found a correlation in the neighbour- 
hood of 0-6 between the pool of his tests and the estimates 

Sen Gupta* framed an mterrogatory of ten questions which 
was given to two competent teachers with a request that two 
independent estimates be thereby obtamed for every pupU 
The estimates of the two teachers showed a correlation of 
0-75 (p.e =0 04). The pool of his tests correlated only 0-20 
(p e. = 0-085) with the teachers’ estimates The difficulty here 
18 that competent teachers may confuse perseveration with mtel- 
lectual dullness. 

PERSEVERATION AND PSYCHIATRY 

There are many chmcal observations which would lend colour 

* D. Fraser Hama, The Funetumal Inertw oj Living Matter, 1908, p 66. 

•KB Sen Gnpta, “An Enquiry into Perseverative Tendencies in School 
Children”, M Ed. Thesis, Univ of Leeds, 1628 
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to the view that melanchohcs generally are perseverators while 
maniacs on the other hand would be non-perseverators Not 
only that, but the early experiments of Wiersma ‘ seemed to 
offer conclusive proof of it For example, in observmg the red 
and green sectors of a disc revolvmg at an increasmg rate of 
speed, melanchohcs were found to lose the two colours and 
begin to see only gray at lower speeds than mamacs as shown m 
the following table* 



Mania 
(11 Cases) 

Normal 
(U Cases) 

MeUnchoIU 

Revolutions per minute 

1632 

942 

732 


More recently Professor J. Shaw Bolton, Director of the West 
Eidmg Mental Hospital, Wakefield, placed the facihties of his 
laboratory at my disposal so that tests of perseveration could 
be apphed to the patients I am also mdebted to Dr. M J. 
McGrath, the Deputy Director, for his co-operation As regards 
the revolving colour discs test,* although I adopted improve- 
ments due to Lankes, such as descending from a high speed 
instead of ascendmg from a low speed, and pastmg the colours 
below the discs so that the subject could refer to them, yet my 
results did not corroborate those of Wiersma, as will be seen 
from the foUowmg table. 



Mania 
(8 Cases) 

Normal 
(15 Cases) 

Melancholia 
(5 Cases) 

Revolutions per mmute (red- 




green) 

443 

682 

641 

Revolutions per mmute (blue- 




yellow) 

447 

674 

483 


In other words, the test failed to distmguish between mamacs 
and melanchohcs. 

As regards motor tests such as have been descnbed in this 

* E. Wiersma, op cU. 

• LI Wynn Jones, “An Investigation mto the Significance of Persevera- 
tion*’, Joum of Meat Set , October 1928 Cf also “Individnal Difierenoes m 
Mental Inertia’*, Joum of Nat Inst, of Induti Ptyehol voL 4, No. 6, 1929 
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chapter the melanchohcs tended to be perseverators, but even 
here the results for maniacs did not show a general tendency 
towards non-perseveration I also found that fluency tests (cf. 
Chapter 10) did bear out the general view as to fluency m 
mama and its lack in melanchoha 

Stephenson,^ usmg motor tests, as a result of considerable 
testmg found that manic cases mvolvmg supervemng dementia 
did not tend to be non-perseverators, but he found other 
mamacs, of good “g” abihty generally non-perseverating. On 
the other hand, m melanchoha and m certam cases of dementia 
praecoz high perseveration was exhibited. 

PERSEVERATION AND CHARACTER 
Pinard® found that about 76 per cent of the most “difficult” 
and “unreliable” subjects to be extreme perseverators or 
extreme non-perseverators, and about 75 per cent of the most 
“self-controlled” and “persevenng” subjects showed only a 
moderate degree of perseveration But his facts gave absolutely 
no support to the view that associated extreme perseveration 
with the several qualities of character which have from tune to 
tune been supposed to indicate mtroversion 
Cattell® found some negative correlation between persevera- 
tion and the character factor which is usually called Webb’s 
“will” factor or “w” This is m agreement with the previous 
finding of Lankes “Low ‘w’ is associated with both extremes 
of the perseveration scale, but the correlation of ‘w’ with ‘p’ 
IS negative because high perseverators have still lower ‘w’ 
than have low perseverators ” 

QUESTIONS 

1. Discuss the possible value of perseveration tests m voca- 
tional guidance 

2. Show how you would arrange perseveration tests with 
special reference to students of typewntmg. 

1 W Stephenson, loc. ett p. 11 

• W. J. Pinard, op cU. Bnt Journ of P«ychol. vol 23, 1932, p. 14 
' R B Cattell, “Temperament Testa II. Tests”, Bnt Joum. of Psychol. 
roL 24, 1933, p. 48. 
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PRACTICE. FATIGUE AND OSCILLATION 

Materials. — Eraepelin’s Adding Sheets. Stop-watches 

DmEcnoNS — S is directed to work down the columns of 
single-place numbers on a Kraepelin’s Adding Sheet, adding 
each number as it is reached to the number immediately 
precedmg it, and writing down the sum of the two numbers, 
omitting the left hand digit when the sum is greater than 9, 
as in the following example. 

7 

2 9 

8 0 

5 3 

3 8 

Each column of figures should be started afresh, the top 
figure in any column not being added to the bottom figure m 
the precedmg column. The work of addmg should proceed con- 
tmuously as qmckly as possible for ten mmutes. Students 
work m pairs, each in turn acting as E and as S E should 
place himself so that he can see S’s work over S’s left shoulder. 
E should have a Eraepehn Addmg Sheet restmg on thick 
cardboard m his left hand. A stop-watch should also be firmly 
fixed to the cardboard at the most suitable point for E’s 
vision. E should draw a horizontal Ime every five seconds at 
the pomts on his own sheet correspondmg to S’s progress. 
These hnes should be drawn noiselessly so that S cannot ascer- 
tam when it is done 

It IS recommended that this experiment should be repeated 
on several days. 

DISCUSSION 

There is a common impression that if an activity be repeated 
there would be an imtial fscihtation due to practice followed 
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by a deterioration due to fatigue. The assumption bemg that 
practice is m operation at the start and that fatigue comes 
into operation at a later stage. Closer study leads to the view 
that both practice and fatigue have to be considered from the 
very beginnmg. 

Mental work by occurring tends to reoccur more easily. 
That IS the practice effect Mental work by occurring pro- 
duces a tendency opposed to its occumng afterwards That is 
the fatigue effect There are thus two contrary factors at work, 
and as regards these two factors the resultant will depend on 
the relative mtensities A study of the work curve may give 
some mdication as to which factor gains the upper hand at 
various pomts of its course 

But there are many other factors besides practice and fatigue 
which must be considered, such as the “warmmg up” of the 
subject or, agam, the "spurts” which he may make at any 
pomt of the work The entry of conative and emotional factors, 
however, affect the shape of an mdividual’s work curve m real 
hfe to so great an extent as to necessitate other methods of 
study m addition to laboratory studies Industrial unrest, 
monotony, a hard taskmaster, the incentive of a "ghttering 
prize” and many other factors exert a variable and uncertam 
influence on the work curve, and the mdustnal psychologist 
attempts to improve the shape of the work curve by studjnng 
the factors which affect it adversely. Thus the mtroduction of 
a suitable rest pause may not only mcrease the output but 
may also engender a more favourable attitude of the employee 
towards his work. Similarly, attention to the lighting, tem- 
perature, humidity of the atmosphere, ventilation, general 
arrangement of the machmery, posture of the workers, and 
so on, have an obvious bearing on the work curve.^ In this way 
by controlling the conditions, industrial psychologists have 
been enabled to study the work curve, complex though it be, 
and although such a study need not isolate “fatigue’ ’ or attempt 
its defimtion, it is yet clear that it may materially diminish it. 

Many laboratory mvestigations, however, have been devoted 
to the study of fatigue, and as the difficulties are great, mention 

* C. S. Myen, Indwtnal Psydujlogy %n Cheat BrUaxn, 1926, chaps. 2 and 3. 
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will only be made here of some general results. In the first 
place, it is necessary to distinguish between subjective and 
objective fatigue: 

Subjective Fatigue — Subjective estimates of the state of 
fatigue such as “very tired”, “tired”, “fairly tired”, “slightly 
tired” or “not at all tired” are not difficult to obtam, Philhps,^ 
m this way, was able to conclude that the person who expen- 
enced most fatigue in one task tended to expenence most 
fatigue m others In statistical language this was expressed by 
saying that the estimates of subjects as to their state of fatigue 
for four fatigue-producmg tasks were positively correlated 
and that the tetrad-difference cnterion (see Chapter 23) was 
satisfied Subjective fatigue, then, is general in the sense that 
the mdividual most susceptible to fatigue for one task will tend 
to be most susceptible for others also Such a result would 
appear to agree with common observation. 

Subjective fatigue, however, was not found to be general m 
respect of transfer, and this result agam is m agreement with 
the fact that individuals after becoming tired at one task often 
lose that tired feehng on changmg to another But that is not 
to say that fatigue of an objective nature was not present. 

Objective Fatigue. — Thorndike has defined objective 
fatigue as “that diminution m efficiency which rest can cure”, 
and there is considerable evidence that although a subject’s 
actual efficiency in a given task may decrease but httle after 
the onset of objective fatigue, yet the longer the task is con- 
tmued, the longer will be the rest necessary m order to regain 
full initial efficiency This rest then becomes a measure of 
objective fatigue, and it renders patent what would otherwise 
remam latent 

Many of the methods proposed to measure objective fatigue 
are open to criticism They may be divided into two classes: 

(1) Sensory and Muscular Tests, e g. the Aesthesiometer 
Test, the Ergograph Test, or the Reaction Time Test. 

(2) Mental Tests, such as Addmg Figures or Cancellation of 
Letters. 

1 O E PhiUipe, Mental Fat%gue, 1920, p 66. Cf also C. Spearman, The 
AMityee of Man, p 314. 
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Such methods must be cnticised if they assume without proof 
that the fatigue which may have been produced from a par- 
ticular activity is transferred to the activity which is demanded 
by the test On this matter the work of P hilli ps is the most 
lUununating “If a child is found to be normal in a certain 
test at the end of the school day, it does not follow that he is 
not fatigued The only inference to be drawn from such a result 
IS that he is not fatigued tn that particular test, but the result 
gives no evidence as to his state of fatigue in any other test, 
nor does it give any evidence of the state of fatigue in any test 
of any other child who has done exactly the same work as the 
former child If two subjects, after the same duration of mental 
work, are tested, say, m multiphcation and cancellation, the 
first may be very fatigued m multiphcation, and only shghtly 
affected in cancellation, while the results for the second sub- 
ject may be the exact reverse. He may be very fatigued for 
cancellation, and only slightly fatigued for multiplication.”^ 
Such considerations show that the earlier experiments on 
fatigue due to school work cannot be regarded as vahd It is 
more profitable to study the variations m output durmg school 
hours. A similar method has proved serviceable m the study of 
industrial fatigue. Output and its fluctuations are measured, 
then changes m the hghtmg, in rests, in wages, etc , are intro- 
duced with a view to increasing the efficiency, and it is not 
strictly necessary to assume that fatigue has been diminished. 

Dawson * studied the vanations m the mental efficiency of 
children aged eight to fourteen during school hours The task 
was to midtiply figures for ten minutes at different work- 
penods, namely, 9 30, 10 30, 11 30, 1 30, 2 30 and 3 30, and 
the number of correct operations and errors were calculated 
The output was approximately constant from 9 30 to 2 30 
It IS true that an mcrease of output of 8 per cent was found to 
occur at the 10 30 penod, but this, on analysis, was not found 
to be due to its being the best workmg hour of the day as 
popularly supposed but to the fact that this is the usual anth- 

‘ G E Phillips, M< p 74 

' S Dawson, “Vanations in the Mental Efficiency of Children dtmng 
School Honrs”, BrU. Joum. of Psychol., 1924. 
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metio hour. A habit-attitnde had been developed which 
favomed the performance of anthmetical operations at this 
hour. As the 3.30 period — ^unlike any other — came last for each 
group the increase of output which occurs is due to practice, 
and further experiments are necessary to ascertain if there 
would be a fallmg off in efficiency at this hour if the effects of 
practice had been eliminated. It was suggested however, that 
for children below the age of nme, there is a distmct falling 
off m efficiency by 3 30 m the afternoon. 

Fatigtje akd Loss of Sleep. — ^Miss M Smith ^ carried out 
an important study of the effects of curtaihng the normal 
amount of sleep for three successive nights. The normal amount 
was 8 hours, but on the first mght’s vigil only 1 J hours’ sleep 
were taken, on the second SJ, and on the third hours’ On 
testing the subject by means of McDougall’s Dottmg Machme 
and other tests, it was found that the immediate result of loss 
of sleep IS an increase of efficiency which then falls below 
normal when the usual number of hours’ rest is taken If the 
usual amount of sleep is taken until the efficiency agam 
reaches the normal, it was found that this pomt is not reached 
until about the sixteenth day from the begimung of the expen- 
ment Possibly the mitial phase of the fatigue is the produc- 
tion of some toxms which have a stimulatmg action hke drugs 
which 18 followed later by a penod of decrease in function and 
depression. Interestmg as these researches are, it is necessary 
to ascertam what differences there may be when several sub- 
jects are tested before general conclusions can be drawn. 

The Influence op Drugs. — Careful experiments by Dodge 
and Benedict,* and also the later experiments of Holhngworth,* 
show that alcohol has an adverse effect on mental and motor 
efficiency It is necessary m such experiments to follow 
Rivers’s* lead and disguise the alcohol so as to provide a con- 

1 M. Snuth, “A Contnbation to the Stady of Fatigue", BrU Journ. of 
Psychol, 1916 

* B Dodge and F G Benedict, Ptychologxeal Effects of Alcohol, CSamegie 
Institute of Washington, 1915 

' H. L Hollingworth, "Psychologioal Influence of Alcohol”, Joum of 
Abn. and Soctal Psychol., 1923 and 1924. 

* W.H R Riven, /njiuenes o/AfeohoItmd other Drugs on Foltgue, London, 
1908. 
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trol and make it impossible for the subject to know whether 
it 18 present or not The disastrous effects are proportional to 
the size of the dose. The effects of other drugs such as strych- 
nine, morphine, opium and cocame are m general an mitial 
stimulation followed by a period of depression. It is there- 
fore highly probable that their habitual use would be likely 
senously to undermine the general health. 

Peactice, Fatigue and Oscillation. — Kraepehn’s Addmg 
Sheets were used by FlugeP m his study of the factors of 
practice, fatigue and oscillation 46 girls from Standards VI. 
and VII worked at these sheets for 20 minutes on each of 46 
successive school days Strong mcentives were employed m 
order to ensure that the work was done with maximal effort. 
All the subjects were keen and mterested and kept graphs so 
that they could vividly reabse the nature and extent of their 
progress Each girl received a monetary reward, and every 
time she exceeded her previous record an extra bonus was 
given in addition. Moreover, Flugel onginated the novel 
method of increasing the amount of this bonus as the experi- 
ment proceeded, for it was less easy to improve m the later 
stages In consequence the curve of practice showed continuous 
improvement throughout the experiment. The composite curve 
of practice was obtamed by plottmg the total work done by all 
the girls for each of the 46 days It was found that the total 
score on the last day was about 3^ times as great as that on the 
first day Further, by plottmg the work done by each girl 
durmg the first, second, . . minute of work the curve of fatigue 
was obtamed By adding the work done by aU durmg each 
mmute a composite work curve was obtained A marked drop 
m efficiency occurred at the begmnmg of the first mmute and 
thereafter fatigue mamfested itself as a slow and more or less 
steady dechne throughout each day’s experiment. This rapid 
initial decline is a general characteristic for all subjects, but 
considerable differences between individuals as regards fatiga- 
bdity were found. It is to be noted that m Flugel’s tests a bell 
pealed every five seconds and the subjects drew a short Ime 

1 J C Flugel, “Praotioe, Fatigue and Oaoillation”,Rnl.Joum.o/jP«y(AoI. 
Mon Suppl No 13, 1928 
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under the figure last written. In addition, at the end of every 
minute “Now” was called and the subjects drew instead an 
L-shaped Ime. Further, each day's work commenced with a 
“flying-start”, inasmuch as 13 five-second periods were allowed 
to elapse before the first one-mmute signal was given. The 
work done in the first of these 13 periods was disregarded. 

Flugel points out that the giving of the one-minute signals, 
and possibly also the giving of the five-second signals, mtro- 
duced an “artificial rhythm” which prevented him from study- 
ing any “natural” rhythms m the work curve It would be 
difficult to avoid giving such signals m a group erpenment. 
Flugel’s aim in dividing the work into five-second periods was 
to study the short-time fluctuations m efficiency in the work 
of his subjects The difference between the scores of each suc- 
cessive five-second penod was calculated for each subject. 
The sum of the differences obtamed for any subject provided a 
measure of his total tendency to oscillation A measure of the 
mean oscillation was obtained by dividing this total oscillation 
by the total number of calculated differences between the 
scores of the successive five-second periods Finally a measure 
of percentage oscillation was obtamed by expressing the sub- 
ject’s total oscillation as a percentage of her total score. 
Increase of the ability of adding through practice was accom- 
panied by an increase (though not a proportionate increase) in 
the extent of oscillation But decrease of abihty through 
fatigue was not accompamed by any corresponding decrease of 
oscillation As fatigue increased the subjects tended to oscillate 
more This suggests that oscillation is a phenomenon which is 
derived from fatigue 

There is some evidence ^ that oscillation is a new factor of 
wide extent and that an mdividual who tends to oscillate in 
one work test, such as that performed on Kraepelm’s Addmg 
Sheets, will also tend to do so in other work tests such as sub- 
traction, cancellation, opposites, or analogies. Recent work by 
Sivaprakasam, however, appears to show that the oscillation 

^ Cf C Speamum, The AbtlUtet of Man, p. 324, and E SiTaprskasam, 
“OaoiUation of Attention”, Ph D. Tbeeu, Univ of London, 1933 (on file at 
the Univ of London). 
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m the reversible perspective test is specific to the test and not 
that which is common to the work tests. He, moreover, con- 
cludes that the oscillation factor common to the work tests 
depends largely on reproductive rather than on eductive abihty. 

Some of the formidable difficulties inherent in an expen- 
mental study of fatigue may at this stage be summarised: 

(1) The Control of Physical Conditions — In testmg inteUi- 
gence investigators do not impose any prandial restrictions on 
the testees, but the wnter well remembers a foreign mvesti- 
gator having to meet the opposition of some of the parents of 
his subjects when he asked them, qmte rightly from his pomt 
of view, to take his teats of fatigue before breakfast In addi- 
tion to food and dnnk, there are many other factors to be kept 
under control, such as ventilation, humidity, illiimination and 
the shape and size of chair and bench 

(2) The Elimination of Emtdional Factors — ^Disturbances of 
this nature may not play an appreciable part m the laboratory, 
but when industnal psychologists attempt the investigation of 
fatigue from the study of output they do not neglect to ascer- 
tain if suspicion and ill-will may be ruled out, for they may 
seriously affect the results 

(3) The Control of Conative Factors. — There is, perhaps, a 
natural but undue tendency to assume that most subjects, 
when psychologically tested, are performmg the tasks with 
concentrated effort Or, at least, to assume that the slackers, 
even when groups are tested, are too few appreciably to affect 
the results But the experiments of Flugel show how strong 
mcentives may affect the work curve. His subjects seem to have 
shown throughout the investigation a high degree of conative 
activity. But m daily hfe there is not always a ghttenng prize 
or infuriated bull to bnng about maximal efforts. At least part 
of our work is done at the tune we choose and at the rate we find 
suitable. Enhghtened employers do not expect maximal effort, 
except for bnef periods. Slave-drivers may expect it, but 
they will seldom get it 

(4) Diurnal Variations of Efficiency — There are probably 
diurnal variations m efficiency which are mdependent of fatigue. 
Unless their magmtude and location are known, they may 
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conceivably render invalid certain conclusions as to the pres- 
ence and degree of fatigue. 

(6) Oijjecttve and Subjective Fatigue — A. distinction has been 
made between a loss of abihty for an operation and a loss of 
inchnation for it. “The objective kind cannot, but the sub- 
jective kind can, be banished by emotion or overcome by will.” ^ 
(6) The Fatigue Indicator — ^Unless it is true that objective 
fatigue IS tranferred from one task to another mdependently 
of the nature of either task as well as mdependently of the sub- 
jects who do the task, it is obvious that no test can be con- 
sidered as an adequate measure or indicator of the fatigue 
incurred with every kmd of work The difficulty is increased 
owmg to the pecuhar course taken by fatigue m its develop- 
ment Investigation has shown that, “on elimmatmg irrele- 
vant influences, a person’s efficiency at any contmuous work 
diminishes very rapidly for a penod of about two minutes, but 
then undergoes very little diminution for hours, until finally 
there is an abrupt drop down to entire impotence But dunng 
all the time that so httle diminution is manifested, a longer 
and longer rest becomes necessary m order to regain the full 
efficiency of the beg inni ng fatigue was really occumng all the 
time, but m such wise as to remam latent.”* Such considera- 
tions will throw hght on the results of such experiments as were 
earned out with subjects who pedalled a laboratory bicycle. 
Although there was no apparent and objective mdication of 
fatigue, yet after some hours the subjects collapsed 
Fox® regards the mterferenoe with steady or rhythmical 
activity as the essential phenomenon of fatigue On calculatmg 
the coefficient of variation (cf. Chapter 23) of the marks for 
each subject, for every consecutive five-mmute period of a task 
which lasted thirty mmutes, he concluded that durmg the last 
ten mmutes the work was performed more irregularly. It is 
mteresting to relate this to Flugel’s tendency to oscillation 
which appears to be denved from fatigue. But from what has 
already been wntten m this chapter it is obvious that we cannot 

^ C. Spearman, The AMUies of Man, p 300. 

* 76»<i p 309 

> C Fox, The Mtnd and tto Body. 1931, p. 172. 
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regard this lack of steadiness as the only indication of fatigue. 
Moreover, Fox assumes that the irregularity during the first 
five-minute period is due to his subjects not havmg adjusted 
themselves to the task, and it may be noted that this imtial 
irregularity is far greater than any subsequent irregulanty. 

( 7 ) Individual Differences — Owmg to the difficulty of elim- 
inating irrelevant influences, httle is known about the various 
ways m which mdividuals may differ from each other m 
fatigabihty 

( 8 ) Theories of Fatigue . — ^Itwould be outside the scope of this 
book to refer to biochemical, physiological or neurological 
considerations which bear on theories of fatigue It may suffice 
to mention three causes of fatigue without attemptmg to assess 
the relative weight of each m a particular case. 

Inhibition Theory — Briefly stated, it is held that when one 
contmues to contract a muscle voluntarily, as would be the case 
m a monotonous task not necessarily mvolvmg heavy toil, 
inhibitory nervous impulses ascend from the muscle to the 
central nervous system In consequence it becomes more and 
more difficult for impulses to descend to make it contract ^ 
Eventually the work stops, and there is an intense feehng of 
boredom. 

Toxin Theory — The activity of a muscle produces waste pro- 
ducts such as lactic acid and carbon dioxide and until these are 
dissipated they act as poisons and hinder further activity. 

Fud Consumption Theory — ^All activity uses up defimte 
materials such as glycogen, and it has been assumed that fatigue 
18 the result of an excessive use of these matenals which can 
only be made good by the organism durmg its rest periods 

Psychologically the upshot would seem to be that if we con- 
tinue at a muscular or mental t€wk, it eventually becomes 
distasteful and we experience fatigue. Unfortunately, however, 
considerable objective fatigue may be present without its being 
experienced by the mdividual. He is then unable to pay heed 
to this natural safeguard against mjury. 

On the other hand, there are occasions m actual life when 
work has to be done during a state of fatigue. Whether due to 
* C. S. Myen, Indusinal Psyehaiogy tn Cheat Bntaxn, p. 42 
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the inhibitory action of the central nervous system, or to the 
production of toxic products, or to the using up of fuel is for 
the moment immaterial. Assuming that the mdmdual is orgam- 
cally sound, he may by judicious training come to acquire the 
attributes of tempered steel Thus anyone electmg to compete 
in a half-mile race without previous preparation would experi- 
ence extreme physical discomfort and feelings of fatigue. After 
training, the discomfort and fatigue although present m a 
lessened form, may be controlled and the runner’s “second 
wmd” may enable him to wm. Similar considerations apply to 
mental tasks, such as those of a successful hamster. But m each 
case, if a breakdown is to be avoided, it is necessary to use 
considerable judgment m applymg the prmciple 

QUESTIONS 

1. What conclusions may be drawn from the study of an mdus- 
tnal work curve’ (Cf. C. S. Myers, IndustncU Psychology %n 
Great BrUatn, p. 68 ) 

2. Contrast the attitude of a subject in the laboratory who 
undertakes contmuous work with that of an industnal 
worker at his daily task (Cf. C S Myers, ibid p. 48 ) 

3. What is meant by an mdividual’s tendency to oscillation’ 
Show how it can be measured. (Cf J C Flugel, Practice, 
Fatigue and Oscillation) 

4. In what respects is subjective fatigue general’ In what re- 
spects not general’ (Cf C Spearman, The Abilities of Man, 
chap. 18) 

6 What IS meant by the statement “Subjective fatigue is 
wholly specific, whilst objective fatigue is partly specific 
and partly general’’’ (Cf. C Spearman, ibid. chap. 18) 
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CHAPTER 20 


MARKING 

Materials. — Typed copies of the seven compositions on “A 
Wet Day”, referred to as Nos. 19, 24, 22, 16, 10, 2 and 
26, written in 30 mmutes without previous preparation by 
Standard VII boys 

DiREonoNS — Copies of Nos. 19, 24, 22, 16, 10, 2 and 26 
should be handed to each member of the class After E has 
explained what they are, each member is requested to read 
them carefully and to award each a mark, 10 marks being the 
maximum As the essays are typed, judgment is not affected 
by the quahty of handwriting Further, the more obvious gram- 
matical errors have been corrected. After the marking has been 
completed, E exhibits a table on the blackboard showmg the 
marks given to each essay by every member m the class. Then 
the marks given to each essay by every member are added up, 
and hence the average mark for each essay may be calculated. 
Each member then adds up the differences between the mark 
he has given to each essay and the corresponding average mark, 
and divides this by seven to obtam his average deviation 
Which member of the class agrees best with the composite 
marks^ If the composite marking be accepted as more reliable 
than that of any mdividual m the class, who is inclined to mark 
too lemently, or too severely? 

Each member of the class should then write an accoimt of 
the method which he employed in markmg E should then 
collect these accounts and initiate a discussion as to the methods 
which have been employed It will then be seen that different 
mdividuals employ widely different criteria in marking com- 
positions and stress some criteria more (or less) than other 
mdividuals do. 

No. 19 

It was Saturday morning and the night before I had gone to bed 
213 F 
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with the idea of going to the football match on the Saturday after- 
noon, but to my diaguat it was raining m torrents To make matters 
worse, it start^ thundering and lightning It was impossible for 
me to go out and I had to mt near the window The football match 
would be abandoned and people like myself would be disappointed 
and very likely they would have to stay at home, or perhaps they 
would go to the afternoon pictures Time passed on, and then 
dinner time, but I had not much thought for that I was just 
fimshing my dinner when my pal Mason came to see if I would go 
to the pictures with him, and after considermg for a moment I said 
“Yes, you can come in and wait for me” Soon we were walking 
down the street, not too fast for fear we should slip We had not 
been out many nunutes before we were soaked to the skin The 
roofs were shimng with the ram and it was still running off The 
clouds were black and they were travelling at a terrific pace When 
I came from the pictures it had stopped raimng and a big rainbow 
was in the sky 

No 24 

I woke up one mormng to see a dark, dismal world Outside I 
could hear the rain falling m torrents, and the wind howling and 
whistling. Here was a nice thing, no stroUing through the woods, no 
playing on mce green turf for me I got out of bed and switched 
on the light, slowly 1 washed and dressed and went downstairs 
There I met my sister, “Lovely day, isn’t it^” she said I surveyed 
her gloomily “You look cheerful, sorry you got up ” “Oh, shut 
up ” She shut up accordingly I began to make the fire, laid the 
paper and wood, went for the coal When I came back the paper 
was soaked' My sister had been wnting, she looked up and burst 
out laughing at my plight “I’ll get you some more paper”, she 
said, and went for some I saw what she had been writing “For a 
person who has the grumps” There was a list of things a wet day 
does “Makes grass fresher”, well, so it does "Makes dust dis- 
appear”. Good, so it did “Makes a walk better ” So it does Hurray' 
After all, a walk m the ram is fine. Good boots on, a mackmtosh 
on, and some ^ m my mouth Fine' 

No 22 

A wet day has disadvantages and also advantages. In the first 
paragraph I am going to say a httle about its disadvantages 

(a) There are many poor people who have not a pair of boots to 
wear There are others whose only roof is the sky if you are out m 
1 Play on words, reference to toffee 
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the country and the ram comes down m a deluge These are only 
one or two ways m which a wet day has its disadvantages 

(b) I will now say a few words about its advantages When it 
rains it washes the flags and roads It also draws up the flowers 
and trees from their beds of earth. If a person feels glum, he just 
wants to put his hat and coat on and go for a walk Ram is a good 
medicine, it cures people who are miserable If it were not for wet 
days we could not live It helps wheat, potatoes and all the food 
we eat The ram provides us with a beverage, but before we dnnk 
it, it must be punfied Ram plays a great part m making the beauty 
of the world It also aflects sports. A wet day is one of the greatest 
gifts of God Moat people grumble when the sky is dull and grey 

No 16 

On a very wet day the ram can be heard banging and ratthng on 
the glass windows The gutters are filled with water flowing qmckly 
to the grates If you are caught in the ram when out m the country, 
you generally get a cold if you have not good boots on 
In the country when it is raining, the ground is very muddy 
The wind blows strongly and the streams flow fast The ram has 
advantages as it keeps the dust down, washes the flags and the 
roads, and waters the garden The reservoirs are also filled There 
are a few indoor games which you can play on a wet day, such as 
Ludo or snakes and ladders, cards, solitaire and draughts There 
are some people who like to go out when it is raining and have a 
good walk In some of the country houses where there are no taps, 
the owner puts a big barrel under the fall pipe to catch the water 
which 18 used for washing The rain comes sometimes when it is not 
wanted If you have arranged to go for a picnic and it starts 
raining you get very disappointed. 

No. 10 

On a wet day the sky is very duU which sets a fog on to the 
earth below The clouds are very low and dull, everything seems 
to be one huge dull mass of atmosphere Then when the clouds get 
to the mountains, one by one they burst, and tons of ram pour 
forth to the sobd earth below Some people like going out in the 
ram and dampness of the country and lanes Other people who do 
not like this stay indoors and read, or, if they do not like this, they 
sit and watch the ram pattering on the flags and windows Most 
children play games which they have such as Ludo, snakes and 
ladders, or probably they play billiards if they are so lucky that 
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tliej have a billiard table. The sceneij looks disioal and damp, 
wato is running down the gutter as fast as it can Sometimes when 
it rams, it starts hghtning and thunder Street lamps are reflected 
on the pavements and dram pipes are wet with ram pourmg down 
them In the country everythi^ looks desolate and forlorn There 
seems to be no hving thing at all about for miles around When it 
stops raining and the sun starts to shine forth its beautiful rays of 
warmth and light, everything changes and instead of being desolate 
it becomes beautiful and bght It is like commg into a new world. 
Children bnng their bats or footballs out on their moors or recrea- 
tion grounds for outdoor sports 

No. 2 

The hot, dry, gloomy day was coming to a close, one could not 
help feelmg a little depressed As soon as it became dusk I noticed 
a suspicious moisture in the air I felt greatly relieved when it 
start^ to rain It felt cool and refreshing as it came bghtly on my 
face It was now dark and the lights began to appear All the 
gloommess had been chased away by the little gh'ttering raindrops 
The lights were reflected on the pavement, the motor headlights 
seemed to dance up and down like elves Everything seemed bnght 
and alive One did not feel miserable, but (for once) went about 
with a cheerful face The roofs were shining, the pavement was 
glittering It was not heavy ram but came down lightly Even 
urchins, most of whom were barefooted, did not heed the fine and 
now penetratmg ram but still played with their peculiar games as 
usual Now people seemed to “fall off ” and go to then sheltenng 
homes, for one can have too much of a good thing People were 
getting thoroughly wet, they were beginning to grumble and say 
that it was just like the English climate, it was either one thmg or 
the other and there was no medium The streets became desolate 
and the few people who were about had that bored expression, like 
they had in the earlier part of the day. 

No. 26 

On wet days some people are miserable Other people are not so 
miserable. The rain makes the roof ghtter The ram makes httle 
pools m the hollows. A wet day makes the roads and lanes very 
muddy and dreary. When the motors and other things go down m 
the hollows their sides get muddy It sometimes makes the people’s 
clothes very muddy. The rain makes the lamps very clean. The ram 
bounces off the wmdow sills. It runs off the ends of the roofs, and 
it runs down the pipes It also runs in the gutter and it runs down 
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the grates On a wet day the ram gets in the cracks in the flags. It 
makes the flags and road very clean and brown It also makes the 
slates on the roofs very clean On a wet day the sky is covered with 
clouds The ram makes a patting sound on the windows It leaves 
mud in the gutters. 

DISCUSSION 

To award marks is a very ancient human characteristic. 
Many centuries ago candidates for the Chmese civil service were 
confined in the ezamination rooms for many days while they 
wrote down all they had memorised from books; and the marks 
which they received were probably fairly reliable for picking 
out the best memonsers whatever their efficiency might be for 
choosing the best civil servants. At the present day marks are 
of enormous importance in attammg many positions and 
honours, excepting those which depend on social standing, 
family relationship, fraternity influence, political or religious 
views and so forth 

Until recently it was fairly generally beheved that marks 
were very rehable measures, but it obviously depends m part 
on the activity marked It is easier to mark a Bisley marksman- 
ship test than it is to mark a geometry paper A facsimile repro- 
duction of a pupil’s examination paper m plane geometry was 
sent to 115 schools with a request that it be marked by the 
teacher of geometry. Of the 115 marks, two were above 90(outof 
100), one was below 30 Twenty were 80 or above, while twenty 
others were below 60. The passing mark was 76. Forty-seven 
teachers assigned a mark passing or above, while 68 teachers 
thought the paper not worthy of a passing mark.^ Thus the 
mark which a pupil receives depends upon the teacher who 
marks as well as upon what the pupil places upon the paper. 

A more difficult feat, however, is to mark English composi- 
tions As a rule the teacher has a definite aim in settmg a 
composition and marks it accordingly. In the foregomg experi- 
ment, however, it wm thought expedient not to give any 
explicit directions as to the criteria to be employed in marking, 

1 D. Starch and E. C EUiott, “The Beliabihty of Grading Work in Mathe- 
matios’’. School Bemew, voL 21, 1913. Also quoted in D. Starch, Sduca~ 
twnal Psychology. 1920, p 434. 
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but rather to find out first of all how widely they differ with the 
individual. 

I ascertained what criteria were employed by members of my 
classes, but this is now purposely omitted as it might mtro- 
duce some bias mto the marking. I once requested a class to 
mark a series of twenty-nme essays (actual copies) but to pay 
no regard to the quality of handwnting or to spelling errors. 
These essays were then typed after the spellmg errors htid been 
corrected When the same students marked the typed copies a 
fortnight later, it was found that notwithstanding the instruc- 
tions given, some had nevertheless been mfluenced m the previ- 
ous marking by the relative poorness of the handwritmg or 
spelling with a consequent raising of the marks for such cases 
in the second marking. 

It 18 not, of course, suggested that bad penmanship or bad 
spelling should be disregarded in markmg essays. It is rather a 
question of cnsuruig that too much stress is not placed on these 
factors to the detriment of other factors As markmg has such 
important consequences for the community it is necessary that 
markers should be trained^ to mark justly and efficiently “To 
err is human,” but with care many marking errors can be 
diminished if not eliminated Thus for certain examinations 
involving hundreds of exammees, a perfectly simple statistical 
check is placed on the marking of the umversity teachers who 
act as exammers to ensure that the standard of markmg does 
not appreciably change from hour to hour. Just as the sense of 
humour, politeness or impeccability of a pupd may affect our 
estimate of his mtelligence, so may our own changeable moods 
or surroundings affect our estimates of our fellow-men and also 
of such products as compositions written by persons entirely 
unknown to us When, however, the writers of the compositions 
are known to us, other complications arise, as is shown by the 
foUowmg instance well known to the writer. 

A dozen members of a Fourth Form decided to play a practi- 
cal joke at the expense of their teacher. Each wrote an essay 
which was then passed to another, who copied it mto his own 

^ Cf D Spoer, An Expenmental Evalwttwn of Seven OompoeUton Scales, 
Th« John Hopkins Univ. Studies in Education, No. 14, 1929. 
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class book and handed it m to be marked. The result showed 
conclusively that this particular teacher marked individuals 
and not essays, for the pupil who was accustomed to get a good 
mark stiU got it even when his essay was composed by one 
accustomed to receive a low mark Moreover the one who was 
accustomed to a low mark did not get a high mark even when 
his essay was composed by a bnlhant pupil' It is not suggested 
that such a result would ensue umversaUy, but a comic instance 
of a similar kind has been well described by Ballard.^ 

If a number of ezammers had to mark a hundred essays on a 
given topic wntten by a random group of Standard VII. bo 3 rB, 
it would be instructive to ask each to place the essays m five 
boxes labelled A (very good), B (good), C (medium), D (poor) 
and E (very poor). If the distribution is approximately normal 
the biggest number would be found m C, and the numbers in A 
and B would be small. If now those in each box are further 
analysed, it will be possible to pick out the very few m A which 
are especially good and they may even be given the maximum 
of 10 marks, aU others in A receivmg 9 marks. Similarly a 
number in B may be awarded 8 marks while the maj ority receive 7 . 
Those in C may be divided mto two roughly equal classes to 
which the marks 6 and 5 are awarded Those in D get 4 or 3, 
those receivmg 4 bemg m the majonty Likewise in E 2 or 1, 
those receiving only 1 mark being probably very few m number. 
In this way the distnbution of each marker tends to be normal, 
but if each examiner marked by general impression such a 
method is obviously very subjective m character and wide 
differences between the markers would be expected, even when 
the examiners are acquamted with the vanous quahties of 
essays to be expected from Standard VII. boys. 

The following table shows the distribution of marks given 
by three students (purposely picked out from a larger number) 
when marking the twenty-nine essays already mentioned: 

Marks . .1234S6789 10 

Student X .0013 12 831 10 

Student Y .00003 12 6621 

Student Z .0027736310 

1 P. B. Ballard, The New Exam\ner, 1923, p 54 
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Student X has the most symmetrical distnbution. Student Y 
awards half marks or more to all the boys. Nme boys out of 
twenty-nme receive less than half noarks from Student Z. 

The credit for the first serious study of the statistics of 
examinations seems to belong to Professor Edgeworth who 
analysed the various errors mvolved m marking, and ascer- 
tained the probable magnitude of each m various types of 
examinations. A brief summary of his work is found m Hartog’s 
Examtnatums and their Rdaivm to CuUure and Efficiency. 

More recently Starch^ and others have studied the statistics 
of school marks Starch mentions four possible factors to ac- 
count for differences m markmg (1) Differences m seventy m 
different schools. (2) Differences m seventy of different teachers 
(3) Differences m credit for a given question or m penalty for 
a given error assigned by different teachers. (4) Mmuteness of 
discnmination between successive steps of ment — the mini- 
mum gensibde. 

Prom a study of the mean vanation of the marks he con- 
cluded that factor (1) might almost be neglected, factor (2) 
accounted for approximately a fifth, factor (3) accounted for 
nearly a half, and factor (4) for nearly a third of the total mean 
vanation He thus concluded that factors (3) and (4) are the 
most important in producing the large differences of values 
assigned by teachers to a given piece of school work. 

It IS astonishing how persons of acadenuc standmg differ 
from each other when they mark the essay type of answer. 
Some will only give a low mark if it contains one or two hterary 
blemishes which they dishke, others award marks for knowledge 
displayed and pay but little heed to the style m which it is 
presented. The situation is senous when it is considered how 
frequently an examination question begins with one of the 
following words, analyse, compare, consider, contrast, criticise, 
describe, discuss, distmguish, estimate, examme, explam, give, 
illustrate, indicate, outhne, show, trace. Knowledge and style 
are both important Happy is the exammer who can weight 
each as the situation demands' 


* D. Starch, XdueatunuU Psychology, 1220, p. 436. 
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Burt'- points out that the common method of marking com- 
positions where positive excellencies are ignored and definite 
faults are count^ and the total subtracted from an arbitrary 
TTiftTiTniim IS almost worthless. He gives valuable hints to the 
teacher how to form a schedule of items mcluding: (1) the more 
mechamcal aspects— wntmg, spelling, punctuation, grammar, 
syntax, (2) the more literary aspects — orange, correctness and 
appropnateness of information, of vocabulary and of rhetorical 
devices, and above all (3) the logical aspects — ^the general 
organisation of ideas, as revealed by the umty, the complexity, 
the relevance and the sequence of sentences and paragraphs, 
and mdeed, by the mtellectual structure of the essay as a whole. 
Such advice would materially help pupils to acquire the art of 
wntmg, but the necessity for such advice shows m a clear hght 
the difficulty of the marker’s task m exammations of the essay 
type. 

Ballard* has pomted out the grave defects of the essay as a 
measunng device and concludes that the difficulties of markmg 
an essay are almost insuperable, and refers to the impossibility 
of making the essay amenable to ngid objective measurement 

Godfrey Thomson and Stella M Bailes* also draw attention 
to the fluctuatmg and subjective nature of a judgment on an 
essay. 

It IS obviously necessary to ascertam what degree of agree- 
ment there would be among different judges marking a set of 
essays The evidence available seems to pomt out the necessity 
of employing more than one exammer 

There is also the need of comparing scientifically various forms 
of the analytic method where several virtues are weighted and 
the general impression method Each method has adherents. 

One writer* recommends the impression method owmg to the 
possibihty of error in the weightmg of the virtues and m the 
evaluation of each essay for each virtue Twelve grades are 
recommended, namely, A. B, C, D, with plus and mmus values 

» C Burt, Menial and ScholastK Ttttn, p. 330. 

• P. B Ballard, op ctl 

' “The Beliabtlity of Essay Marks", j’orumo/fducofton.vol 4, 1026, p 91 

* D. B Mair, “The Valuing of Enghsh Composition’’, Jowm of Edue., 
November 1028. 
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added to each letter, and the uae of the Bryan Sheet to ensure 
nonnahty of distribution. 

Another wnter ^ favours the analytic method where separate 
marks are given for Content, Structure and Mechanics. The 
Content has two and a third times the weightmg of Structure, 
and the Structure has twice the weightmg of Mechamcs The 
cnticism that this would take time is met by msistmg that it is 
more tune that should be devoted to composition 

A more elaborate use of the analytic method is that of 
Wallis,* who marks seven points, namely: vocabulary, 
accuracy, craftsmanship, consistency, completeness, quantity of 
ideas, quahty of ideas A mark of 1, 3, 5 or 7 is awarded for 
each of these pomts, which means that the steps of difference 
]ump by 4 per cent The first five pomts cover techmcal skill 
and are marked irrespective of the subject set. 

After considerable expenence as Chief Examiner, Walks is 
of opimon that this scheme is rehable for markmg essays of 
young children in scholarship exammations It causes the 
average candidate to score approximately half marks, it spreads 
the marks in the fashion which the modem examiner desues, 
and its results correlate closely with total marks for the whole 
Exammation 

What Traits are Measurable* — It is usual to measure 
physical traits such as height or strength and mental traits 
such as techmcal knowledge or intelligence And for the moment 
it IS assumed that the probable errors of such measurements are 
known On the other hand, some speak of traits like honesty 
which an individual is deemed to possess, or not to possess, that 
is, they assume that an mdividual must be honest, or else dis- 
honest Further, some speak of traits such as sociabihty or tact 
which may be judged but not measured. 

In the last analysis it may be possible to dispense with such 
distmctions For if it is possible to rate an mdividual relative 
to his fellows with respect to his honesty or his tact, there 
seems no reason why his honesty or his tact should not be 

1 G Pemo WiUiauM, “The Marking and Standardising of Composition”, 
tbtd 

* B. C. Wallis, The Teehnxque of Examining Children, 1930, p 77. 
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regarded as measurable. Let five competent judges who are 
acquainted with twenty mdividuals rate them on a scale where 
the maximum is ten, both with respect to their tact and also 
with respect to their mtelligence. Each person then receives an 
average mark for each of the two traits. By comparison with 
these averages, the average deviation of each judge m assessing 
tact may be compared with his average deviation m assessmg 
mtelhgence, and the relative difficulty of marking each may be 
ascertained. Such a method then may be apphed not only to 
products such as drawmgs or essays, but to traits such as 
Bociabihty or tact Those who would limit the use of measure- 
ment should bear these possibihties m mind, they should also 
realise that there is no measurement without error, not even 
the simplest measurements of length Thus Myers ^ refers to two 
competent observers who measured the head of a pygmy. One 
found the length and breadth to be 198 mm. and 147 mm , 
which yielded a cephahc index of 74-24 For the other the 
correspondmg figures were 195 mm , 150 mm and 76-92. 

Hollmgworth* gives the results of experiments on such traits 
as neatness, mtelligence, humour, conceit, beauty, vulgarity, 
snobbishness, refinement and sociability : 

(1) An individual’s error m judging himself is somewhat 
greater than the average error of fnends. 

(2) There is a tendency for an individual to overestimate 
hunself on desirable traits and to underestimate himself on the 
undesirable. 

(3) In the traits of neatness, intelligence, humour, refinement 
or sociabibty, the mdmdual who ranks high m the trait m the 
estimate of his associates tends to be a better judge of that 
trait m others than the individual m whom the trait is less 
conspicuous. 

The Selection of Applioants. — ^Whenever an applicant is 
bemg judged as to his suitability for a post the process of mark- 
ing IS more or less exphcitly m operation Thus some or all of 
the followmg seven devices may be employed: (1) The Letter of 

1 0. S Myere, “The Pitfalls of ‘Mental Teste”’, Bnt Med\e Jowm, 
January 28, 1911 

• H. L HoUmgworth, Judging Human Charaeler, 1922, chap 4. 
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Application. (2) The Photograph. (3) The Interview. (4) The 
Testimonial. (5) The Bating Scale. (6) The Scholastic Becord. 
(7) Psychological Teats. It is necessary to study each device 
and to ascertam what vahdity, if any, attaches to the marking 
or judgmg as it is usually earned out m practice. 

(1) The Letter of Application — ^Probably all would agree that 
the letters of some appheants might at once debar them from 
further consideration, but that is far from saying that an 
inspection of a batch of letters would enable a judge to choose 
the most suitable appbeant Hollingworth ^ found that judges 
disagreed with each other when instructed to arrange twenty- 
five letters m order of ment with respect to mtelligence, re- 
hability, tact or neatness Further, a particular judge may 
disagree greatly with himself if he judges them agam a month 
later. Not much value, then, should be attached to judgments 
based on letters of application In order to improve the tech- 
mque, HoUrngworth suggests that the capacity of the judges 
for their task should be checked by noting the subsequent 
success of the applicants Another improvement is to employ the 
Apphcation Blank where the candidate fills m certam relevant 
data whose relative importance has already been decided. 

(2) The Photograph — ^Here agam it would appear that experi- 
ments by Pmtner* and others have shown that the judgments 
of mental traits from photographs are practically valueless 
Thus it IS practically impossible to judge “ intelligence” from a 
photograph 

(3) The Interview — In its traditional form the interview is 
highly unrehable. HoUrngworth* found that twelve expert sales 
managers were quite unable to agree m their judgments on 
57 applicants for appomtment as salesmen. A candidate was 
likely to be ranked anywhere from highest to lowest by his 
twelve judges 

Magson* made a thorough analysis of the estimates made by 

* H L HoUrngworth, op. ett chap. 2. 

• R. Pmtner, ^‘InteUigenoe as Estimated from Photographs”, Ptydiol Bev, 
vol 26, 1918 

• H. L HoUrngworth, op cU. chap. 6 

* E H. Megson, “How we judge InteUigenoe”, Bnt Jown. of Ptydwl. 
Mon. Suppl. No. 9, 1926. 
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interviewers and oonolnded that the interview is practically 
worthless as a means of measuring general ability. The con- 
versation covers too small a field and the judgments are made 
upon fallacious indications such as the manner, facial expression 
and personal appearance of the subject. Particularly unportant 
IS his conclusion that when the interview is employed for 
selecting children for free places in secondary schools, it is 
essential that the interviews should be m charge of skilled 
mterviewers under rigidly controlled conditions. 

Eecently attempts have been made to improve the val- 
idity of the mterview Spielman and Burt^ selected character 
quahties, both elementary and complex, and developed a rating 
scale for their assessment. Two psychologically tramed mvesti- 
gators independently mterviewed thirty children with special 
reference to these quahties For some quahties their impressions 
correlated highly, submissiveness 0-85, self-confidence 0*77, 
fear 0*76, assertiveness 0*74, sociability 0*72, anger 0*71 For 
others the correlations were distinctly lower* acquisitiveness 
0*23, rehabdity 0*36, curiosity 0*37, punctuahty 0*44, honesty 
0*52, mdustry 0*54. Thus temperamental quahties which might 
naturally arise at the interview were found easiest to estimate 
On the other hand, where the quahty to be assessed is moral 
rather than temperamental, then its estimate carmot be rehed 
upon, for its expression may be successfully concealed. 

It was found, moreover, that practice improves the power of 
mterviewing. 

O’Rourke* has developed a scheme for training interviewers 
The possible answers to the questions considered essential for 
the interview are printed and assessed on a form. After training 
and practice with this form it was foimd that the ratings of the 
mterviewers improved in vahdity. 

(4) The Teatxmonxal . — The mention of references and testi- 
monials sometimes raises a smile. It is true that if mdividuals 
were judged solely from testimonials the judgments would 

^ W. Spielman and C. Burt, “The Estimation of Character Quahties m 
Vocational Guidance’’ m Report No 33, Indust Fatigue Research Board, 
1926, p. 67. 

' L. J. O’Rourke, A New Emphant on Federal Pereonal Beaearch and 
Adnunxetralxon, 1930. 
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hardly funush a normal curvei It would probably be a skewed 
curve mmus its tail' Nevertheless, unless all faith m human 
nature is lost, it must be adnutted that references and testi- 
momals may be useful not only for what they say but also for 
what IS left unsaid. There are many factors which affect their 
vahdity. If sent to strangers they maybe less carefully prepared 
than when sent to acquamtances In some cases references as to 
abihty are more rchable than those concerning character as 
they are based on objective evidence, and as there is a tendency 
to rate character high m the absence of evidence to the con- 
trary. In other cases, testimomals as to character based on long 
acquamtance by judges of repute may lack nothing m reba- 
bibty. Testimomals are often misleading owing to a former 
employer bemg too kmd-hearted to give his honest opmion of 
an mdividual even if his services have been unsatisfactory But 
on the other hand an employer, jealous of an individual’s 
progress, may attempt to damn him with faint praise, some- 
times unsuccessfully and with amusmg consequences. 

(6) Baling Scales — A rating scale dividing mdmduals mto 
“good” and “bad”, or even mto “good”, “bad” and “m- 
different”, with respect to any trait or ability, would be too 
coarse to prove very efficient ^ A division into five classes such 
as excellent, good, average, poor, very poor would be better, 
but it is difficult to ascertam if one rater’s assessment of “good” 
means the same as another’s. The difficulty remains when the 
figures 5, 4, 3, 2, 1 are substituted for the adjectives In con- 
sequence attempts have been made to use more specific terms 
referring to the individual’s actual behaviour with reference to 
the abihty which is rated, and also to use specific definitions 
for the abihty to be assessed and not rely on smgle words which 
may be highly ambiguous. 

A further development, especially when it is desired to secure 

^ Bartlett, in hu investigation of the value of advertisements, sorted them 
into “good”, “medium” and “poor” and then used his “method of fractiona- 
tion”, namely, to sort each group into three sub-groups and then oombme 
bottom “good” with top “medium”, and bottom “medium” with top “poor” 
He thus obtamed seven groups the sizes of which approximated to normal 
distribution R J Bartlett, “The Judgment of the Value of Advertisements 
and the Construction of Rating 8oi^”, Joum of Nat Intt of Indiut 
Psychol vol 3, 1927 
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separate ratings on a variety of aspects of a vocation is tlie 
Graphic Rating Scale The trait which is assessed is represented 
by a straight line with various descriptive expressions under- 
neath. The scorer places a check on the line at the point which 
in his estimation corresponds to the amount of that trait 
possessed by the person who is rated, e.g • 


QUALITY 


REPORT 


SuccosB m winning 
respect and good- 
will through his 
personahty 




Inspir- Favour- Indiffer- Unfav- Repell- 
ing able ent ourable ent 


The success of a ratmg scale would seem to depend on the 
skill and tr ainin g of the rater, always assuming that the scale 
has been drawn up by an expert so as to ensure that no am- 
biguous terms occur m it and that no personahty traits too 
difficult for assessment are included 

(6) The Scholaattc Record. — ^Valentme^ has recently earned 
out a comprehensive mquiry mto the reliability of examma- 
tions for estimating the future academic success of candidates 
Especially startlmg and disqmetmg are his conclusions on the 
prognostic rehability of entrance examinations to secondary 
schools There was practically no relation between the order of 
ment in the entrance examination and the order of merit at the 
end of the secondary school career Valentme concludes tenta- 
tively that the chief causes for this discrepancy are. 

(а) The special cramming of certam pupils 

(б) The superior teachmg m certam schools as compared with 
others 

(c) The inabihty of an examination in arithmetic and English 
(and possibly even of good tests of general mtelhgence) to 
indicate relative abihty m the vaned subjects studied m the 
secondary school. 

(d) Different rates of mental development and the gradual 
influence of good and bad quahties of character. 

(e) The “instabihty” of the entrance examination m the 

‘ C W Valentme, The BeltaMily of Examxnaluma, 1932. 



THEORY AND PRACTICE OF PSYCHOLOGY 


sense that a similar examination a few days later might give 
very different results, at least, withm a considerable range of 
the cntical border-line. 

Valentme’s suggestions for improvement deserve close atten- 
tion: The extension of the use not only of the best type of 
inteUigence tests but also of tests of specific abihties needed m 
the secondary school, the better standardisation of the reports 
of the heads of elementary schools; the providing of a “second 
chance”; the transition to a secondary type of education at a 
later age than eleven plus; and a reconsideration of awards m 
the secondary school at the end of the first year. 

It thus becomes an urgent problem how best to avoid the 
great loss due to the fact that some pupils deserving of scholar- 
ships do not receive them. 

As Sandon^ has pomted out, prediction is a question of 
probabfiities, and selection modifies means, standard deviations 
and correlations. Thus the correlation between test and cntenon 
is almost worthless unless the degree of selection is known 

Barraclough’s researches* have shown the importance of test- 
ing the significance of any correlations between entrance and 
school certificate examinations By the methods of analysis of 
variance Barraclough foimd that out of a total of 26 investiga- 
tions regardmg the predictive value of English at entrance, 
16 scholarship examinations were non-predictive, while 10 had 
predictive values rangmg between zero and 32 per cent Arith- 
metic was only predictive of Mathematics m 7 cases out of 27, 
the maximum predictive value bemg 40 per cent. 

Barraclough refers to the microscopic attention often ac- 
corded to “border-hne cases”. Yet there can be no confidence 
that these children really are border-hne for most scholarship 
examinations have a common defect — ^lack of standardisation 

Further the important investigation of Wilson® shows that 

1 P Sondon, “Diffionltiee in using Entrance Examinations, Intelligence 
Tests and School Besnlta for Compaiatiye Pnrpoeee”, Rep. of Bnt. Assoc , 
Section L, 1933 

• F. Barraclough, “The Reliability of Entrance Examinations to Secondary 
Schools”, »6«f 1033. 

' J H Wilson, “Group factors among Abilities mvolved m a School 
Certificate Examination”, Bnt. Joum of Educ Psychol vol 3, 1933, pp. 71- 
86, 99-108. 
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secondaiy school ezanunatioiis measiire neither the pupils’ 
general capacity nor then specific abilities at all adequately and 
therefore the discovery of efficient tests of special abihties as 
well as tests of general capacity is of the utmost importance. 

Investigations such as those of Stead, ^ and especially those 
of Oates,* are promising m that they have brought to bght the 
bearing of ratings and even of tests of temperament on scholastic 
achievement 

The important statistical papers of Sandon throw bght on 
many problems of marking Some of Sandon’s conclusions may 
thus be summarised; (1) If two or more divisions of a school 
form have been selected by random samplmg, it cannot be 
assumed that a pupil who gets a certam total percentage of 
marks m one division has the same scholastic ability as one 
who gets the same percentage m another division. (2) In the 
case of school subjects which may be recognised as of equal 
importance, it does not follow that these subjects are weighted 
equally if the marks m each subject are brought to the same 
maximum, but they can be weighted equally enough for 
practical purposes by making the quartiles in each case the 
same Sandon’s method was to put the quartiles equal to 60 
and 40 and then scale the marks by means of a nomogram 
(3) The age allowance m entrance scholarship exammations to 
secondary schools should be a percentage of maximum marks 
and not of actual marks 

Probably most would agree that age allowances are absol- 
utely necessary at eleven plus, and most would also be in 
agreement with Godfrey Thomson- "Personally I prefer that no 
under age candidates be admitted at all, which is I think both 
socially and statistically sound Eleven is young enough, and a 
second chance can be given at twelve ’’ It may be left to the 
reader to draw his own conclusions as to the best method of 
awarding age allowances. The following references will be 

^ H G Stead, “Factors in Mental and Soholaatio Ability”, Snt Joum of 
Psychol vol 16, 1626 

* D W Oates, “(1) An Experimental Study of Temperament”, %btd vol 
16, 1628, “(2) Group Factors in Temperament Qualities”, t&u2 vol 20, 1626, 
“(3) The Relation of Temperament and Intelligence to Scholastic Abihty”, 
Forum of Educatwn, vol 7, 1826, 
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found useful: (1) E. J. G. Bradfoid, “Selection by Examina- 
tion”, Forum of Education, vol 1, 1923 ; (2) F. Sandon, “The 
Scahng and Totalling of School Marks”, ibtd vol 2, 1924; 
(3) F. Sandon, “A Statistical Analysis of Some School Marks”, 
ibid. vol. 3, 1925; (4) A. James, “The Age Allowance of Marks 
in Secondary School Admission Exammations”, %btd. vol 3, 
1925; (5) F. Sandon, “A Statistical Study of Some School 
Marks. The Fallacy of Percentages”, ifitd vol 4, 1926; (6) A. 
Bell, Report of an Investtgatum of the Free Place Scholarship 
Examination in the County of Kent, 1926; (7) J. W. CoUier, 
“The Treatment of Secondary Schools’ Admission Examina- 
tion Scores”, ibid, vol 6, 1928; (8) Free Place Examinations, 
Bd of Educ Educational Pamphlet No 63- Memorandum on 
Examinations for Schools and Free Places m Secondary Schools, 
1928, (9) F. Sandon, “Some Effects of Age m Selective Examina- 
tions,” Forum of Education, vol 6, 1928 and vol. 7, 1929; 
(10) B C Walhs, “The Efficiency of Competitive Scholarship 
Examinations of Young Children with particular reference to 
the Effect of an Age Allowance”, thuf vol 8, 1930, (11) Ex- 
aminations in Public Elementary Schools, Report of the Jomt 
Comm, of Associations of Elduc Committees and the Nat. 
Union of Teachers, 1930 (cf p. 200), (12) F. Sandon, “The 
Basis of Markmg”, Brd Joum. of Educ Psychd. vol. 1, 1931, 
(13) G H Thomson, “The Standardisation of Group Tests and 
the Scatter of Intelligence Quotients A Contnbution to the 
Theory of Examinmg”, Bnt. Joum. of Educ Psychol, vol 2, 
Parts 1 and 2, 1932 (especially p. 103 and p. 132); (14) C. W. 
Valentme, The Reliability of Examinations, 1932 (cf. p 182); 
(15) Memorandum on Age Allowance by the Bradford Educ. 
Comm. 1933; (16) F. Sandon, “Progress through the Secondary 
School as measured by School Marks”, Bnt. Joum. of Educ. 
Psychol, vol. 3, 1933. 

Sufficient has been said to show that considerable attention 
has been devoted to improve the reliabihty and validity of 
marking It is quite clear that marking is an extremely difficult 
task and that considerable mjustice is often done. There is 
urgent need of further research m many directions. There are, 
further, many theoretical difficulties: On what basis or bases 
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should (a) one subject be regarded as important as another 
or (&) one question be regarded as important as another* 
Should the criterion be pure impressionism, or should it be 
based on relative difficulty, or on the tune which each demands, 
or on the correlation of each with “g”, or with some other 
factor? Who knows? 

(7) PsychologuxA Testa. — Cff. Chapter 8. 

QUESTIONS 

1 What method did you adopt m marking the seven essays* 
What difficulties were experienced* 

2. Essays have been appraised by comparing them with a 
standard scale of samples. What are the advantages and 
disadvantages of the method* 

3 “Capable of great labours — as will be seen — capable of great 
self-sacnfice, steady in conviction, even amid encompassing 
gloom and disheartening isolation, he was wanting m the 
activity, the tenacity, the ceaseless mdustry, the changeless 
purpose, and also in the rough and almost brutal self-asser- 
tion which IS one of the conditions of success m most walks 
of life” (T. P. O’Connob’s memoir of Lord Morley, Daily 
Tdegraph, September 24, 1923) Consider the possibihty of 
ratmg the traits mentioned. 

4 Show m detail how you would statistically deduce the 
relative importance of the four factors mentioned m the 
text which affect school marks. 

5. Classify the mistakes made by school children in simple 
addition, and illustrate the difficulty of markmg even in 
arithmetic. (T. N. K. Rao, “An Experimental Study into 
the Backwardness of Elementary Schoolboys in Anth- 
metio”, M.Ed. Thesis, Umv. of Leeds, 1934). 

Refbbbnoss 

1. F. Y. Edgeworth, “The Statistics of Examinatioiis”, Jowm of Boyal 
Stai. 3oe. voL 61, 1888, pp. 699-636, also “The Element of Chance 
m Competitire Examinations", ibtd, vol 63, 1890, pp. 460-476, 
644-663, also “Prohlems in Frobabihties”, Phtl. Mag. August 1860. 
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CHAPTER 21 


THE DETECTION OF SUPPRESSED IDEAS 

Materials — Psycho-galvanic leflex apparatus, stop-watch, 
hsts of words 

Directions — Waller’s apparatus, made by Messrs Gambrell 
Bros , Ltd , London, may be used for this experiment. It is 
essentially a Wheatstone bndge in one arm of which S is placed. 
The electrodes are zmc discs covered by chamois leather and 
moistened with 6 per cent salme solution, and are apphed to 
the palm and dorsum of the left hand, and kept m position by 
indiarubber bands There is a shunt to reduce the sensitivity of 
the galvanometer when the preliminary adjustments of the 
bndge are being earned out 



The bndge current is denved from two dry cells and can be 
switched on or off as desired. In senes with S is a resistance of 
100 ohms which is connected with a resistance of 1330 ohms 
and one dry cell which is governed by another switch called the 
cahhrating switch, and hence a current of one milhampere can 
be passed around the circuit. In making an expenment the 
followmg procedure is adopted. The galvanometer is perman- 
ently set up on a fixed support attached to the wall, and the 
lamp and scale are set up at one metre distance, and the lamp 
focussed until a clear spot is obtamed on the scale. The galvano- 
233 
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meter is connected to the Galvo. terminals, 8 to the terminals 
marked “Patient”, with the left hand restmg comfortably on 
the table, and the switches and the shunt are set at “Off”. 
Everything bemg ready the battery switch is switched on, the 
shunt 18 turned to the mark 600 and the galvanometer deflects 
slightly and is brought to zero by adjustment of the rheostats. 
This rotation of the shimt with the corresponding adjustment 
is made until finally the shunt is set at the mark 10, 5 or even 2, 
accordmg to the size of the reflex In other words the deflections 
obtamed should neither be too small nor too large for measure- 
ment Before takmg a record the cahbrating switch is switched 
on for about three or four seconds to allow the galvanometer to 
attam maximum deflection and is then switched off This gives 
the cahbrating deflection. A stimulus is then applied and the 
response is indicated by the movement of the beam of light 
Should the response deflection be too large it can be reduced by 
adjustment of the shunt, but the cahbratmg must be done m the 
same shunt position as that on which the response was taken. 
Por the purpose of the present experiment the ratio of the 
response deflection to the cahbrating deflection may be called 
the “psychogalvanic ratio”. 

For most Ss there is a tendency for the resistance to decrease 
gradually for the first few minutes and so it may be necessary 
to wait a few mmutes for the spot to become steady 

The response deflection has a latent period, usually between 
2 and 3 seconds, and thus the spot of hght does not immediately 
move after the stimulus is apphed. When necessary a screen 
may be used to shut off the apparatus from S’s view 

The experiment now to be performed illustrates the “third 
degree” method of detecting crime. Two subjects are selected 
and having received a sealed envelope, they leave the room 
together and decide which is to open the envelope and commit 
the “crime”. The other must know nothing about the contents 
of this sealed envelope or of the “cnme”. The sealed envelope 
contains directions such as the following: "Go into my room and 
open the letter lying on my desk Bead it carefully. When you 
are exammed afterwards try as well as you can to conceal the 
fact that you have seen the letter.” 
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It is not easy to introduce into the laboratory a situation 
where S is emotionally affected as would probably be the 
cmninal subjected to the “third degree” examination, but it is 
possible to demonstrate the procedure even when the contents 
of the letter are hardly conducive to the stirring up of emotion. 
For this purpose the following statement about “Sanjam” may 
serve as a brief illustration. It is sealed in an envelope and 
placed in a box containmg an ornamental bird tallying with 
the description given. 


Sanjam 

Sanjam is the cruel god of the heathen tribe San in Central 
Africa Its beak is red with the blood of sacnhce and its talons 
yellow with the gold which is daily offered to appease its wrath. 
Its body is tinged with the blue of the sacred nver into which 
its helpless victims are thrown More than fifty thousand human 
lives have been sacrificed to Sanjam. 

When the “cnminal” has completed operations and has re- 
turned to the “innocent”, B is informed by them that the 
instructions have been earned out. E now calls m one of the 
two Ss for examination, the members of the class having been 
in the meantime informed of the details of the “crime”. E has 
arranged a senes of 30 words, of which 12 are related to the 
“crime” and are called “crucial words”, the remaining 18 being 
“non-crucial”. It is better to commence with several non-crucial 
words. The words m the senes were’ hat, dinner, wmdow, 
telephone, pencil, god, Sanjam, tree, beak, sacred, church, coffee, 
cruel, star, fifty, central, talons, storm, orange, blue, fire, John, 
class, heathen, ancient, chalk, sacnfice, nver, history, brick. 

When S’s left hand has been joined to the terminals and his 
resistance measured, E speaks the first word of the senes, 
having previously asked S to reply as quickly as possible with 
the first word that occurs to him. E notes on the stop-watch the 
time m fifths of a second that elapses between the giving of the 
stimulus-word and the reaction of S, while an assistant manipu- 
lates the galvanometrio apparatus and notes the deflection 
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corresponding to each reaction. The results may be tabulated 
thus. 

SUBJECT X 

StunnluB-word Reaction-word Reaction-timo Galv Deflection 

After the experiment is completed the same procedure is 
earned out with the other S Then the average reaction-tune 
for the crucial words and also for the non-crucial words is 
calculated for each S, then the diflerence between the average 
crucial and the average non-crucial reaction-tunes for each S 
IS expressed as a per cent of the average of each S’s non-crucial 
reaction-tunes This is an important measure and is called the 
“crucial difference” In preciselv the same manner the crucial 
difference with respect to the galvanometnc deflection may be 
calculated In deciding which of the two Ss is “guilty” all the fol- 
lowing points are to be considered as possible evidences of guilt,^ 

(1) Greater crucial difference m galvanometnc deflections ® 

(2) Unusually large deflections for certam crucial stunulus- 
words 

(3) Greater crucial difference in reaction-tunes 

(4) Greater mean vanation in reaction-tune to the crucial 
than to the non-crucial words 

(5) Unusually long reaction-tunes for certam crucial stimu- 
lus-words 

(6) Eeaction-words connected with the “enme” 

(7) Eeaction-words showing unusual associations 

(8) Failure to give a reaction-word 

(9) Evidence of a plan of reaction arranged by S beforehand. 

To hide all traces of “guilt” would require much cleverness 

on S’s part. There are, however, two or three devices which a 
student well conversant with recent hterature might attempt 

DISCUSSION 

The foregoing experiment is obviously a combination of two 
distinct experiments, namely, the association experiment and 

^ Cf H 8. Langfeld »nd F H. Allport, An Elementary Laboratory Conrte 
tn Psychology, 1910, p 116 

' la actual praotioe thu was not found easy to apply as many deflections 
were too slight 



THE DETECTION OF SUPPRESSED IDEAS 


the p g. reflex experiment. Taken simultaneously they serve as 
an mterestmg demonstration, and students are able to judge 
how far the mdications of each experiment correspond There is 
no unanimity of opinion as to the physiological causation of the 
p g reflex So many respiratory, circulatory, muscular and 
secretory changes, either smgly or collectively, have been sug- 
gested as explanatory of the reflex that no useful purpose would 
be served by a detailed discussion here 

There is even no agreement concemmg the psychological 
significance of the reflex. Although it has been customary to 
regard the phenomenon as an mdication of emotion, and to call 
by the name “emotometer” the apparatus for measuring the 
reflex, yet another view has been advanced by Avehng^ and his 
pupils As a result of recent experiments they were led to the 
view that the reflex is charactcnstically the consequent of 
conation, and that consciously expenenced “emotion” is not 
the cause of it. The term “emotion” is often loosely used for 
“affection” (pleasure-unpleasure), but Avelmg understands by 
emotion the “stirred-up” character of consciousness due to 
somatic resonance, and as this is most frequently subsequent to 
the mental process which termmates m the reaction, it cannot 
be the cause of the reaction By an mgemous technique mtro- 
spections with reference to will-acts (resolves) as well as to 
conation (trymg or stnvmg) were obtamed. It was found that 
deflections occur when conation is expenenced, and that they 
do not always occur when affection or emotion is expenenced 
Moreover, the deflections were greater for conative than when 
affective expenence is reported, and vaned m size roughly with 
the estimated intensity of the conative expenence. It was also 
found that deflections occurred in the absence of affective 
experience; and, the deflections are greater when conative 
expenence is reported than when will-acts take place. 

R J Bartlett, however, argues that the mental basis of the 
phenomenon is a complex orectic process rather than “conation” 
or “emotion” alone, and that as a state of passive endurance 

* F Avelmg, “The Ckmative Indications of the Psychogalvanic Pheno- 
inenon”, Proe. of Vlllth Intemat. Congrtst of PtyeJtol., Groningen, 1926, 
p 227. 
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or enjoyment may pass mto a more active one, the search for a 
crucial test of the mental cause is difficult.^ 

Mention may here be made of some preliminary teats which 
I undertook at a time when the prevailmg opmion pointed to 
emotion as the causative factor In the first senes of preliminary 
tests, the subject assumed four different attitudes at different 
sittmgs. (1) he was engaged m readmg a book when the stimub 
were apphed, (2) he concentrated on the stimulus with a deter- 
mination not to be affected when it occurred, (3) he concentrated 
on keeping the limbs and trunk equipoise and all his muscles 
lax with a view to resist being affected emotionally; (4) he 
concentrated on specific problems quite unconnected with the 
experiment, e g made a hst of the health resorts in the North 
of England. In (2), (3) and (4), at some pomt within 10 seconds 
after the attitude had been taken, the stimulus was applied, 
especially noticeable was the fact that taking up any of these 
three attitudes caused a deflection which might be greater, 
equal or less than the subsequent deflection on apphcation of 
the stimulus. The latter deflection, however, was less than the 
deflection m (1). 

Another series of tests was commenced with a group of bojrs, 
some stohd and some emotional accordmg to their teacher’s 
report. Three sets of deflections were obtamed: (1) when the 
stimuli were apphed without warmng, (2) those due to a warmng 
“Now”, and (3) those which followed the stimulus when this was 
apphed shortly after the warning “Now”. By this means it was 
intended to ascertam which set of deflections, if any, correlated 
with the teacher’s report 

Muhiyuddin’s Exfebimebts with School Children. — In 
1921 Muhiyuddm* studied thepg reflex vuth Leeds children. 
His subjects were 47 boys rangmg m age from eleven years 
eleven months to twelve yearn eleven months, and 10 Uni- 
versity students between twenty-one and twenty-five years. 

Influenced by the introspective reports of his own subjects 
and also by the evidence of Waller, Starch, Bmswanger, 

* R. J. Bartlett, “Does the Psyohogalvanio Phenomenon indicate Emo- 
tion!” Bra. Jtnum. of Psychol. toL 18, 1927. 

' M. S. Mnhiyaddm, “iji Expenmental Study of Emotion”, M Ed. Thena, 
UniT. of Leeds, 1922. 
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Peterson and Jung, and others, Muhiyuddm accepted the view 
as to the emotional causation of the reflex, but some of his 
results are unaffected by that controversy. Thus as each S was 
tested twice, once m the morning and once in the afternoon, it 
was possible to get some date as to the diurnal variation in 
resistance, the electrodes being apphed to the palm and dorsum 
of the left hand. It was found to be higher generally m the 
morning {9-46-12) than in the afternoon (1-30-4), the medium 
values being 10,626 ohms and 7312 ohms respectively Experi- 
enced teachers were asked to award to each pupil the marks 
+ 2, -t-1, 0, -1, or -2 in respect of each of the followmg 
qualities' 

(1) Readiness to feel (a) fear, (b) anger. 

(2) Intensity with which he feels (o) fear, (6) anger 

(3) Duration of the state of (a) fear, (b) anger 

It was found that the marks of one teacher agreed but little 
with those of another although both were well acquainted with 
the pupils, and that there was no correlation between the size 
of the reflex and the estimates of emotivity furnished by the 
teachers 

The same teachers showed very fair agreement m assessing 
the general mtelligence of their pupils, the coefficient of cor- 
relation bemg 0-667, which compares favourably with figures 
given by other mvestigators. Yet the essentially inner character 
of the emotions escape the searching eye of an observant 
teacher. A boy may even be classed as “nervous” by one teacher 
and “stolid” by another. 

Muhiyuddm also found a correlation of 0-43 (P.E. 0-06) 
between “mtelligence” as measured by tests and p.g reflex 
when produced by “ideational” stimuh or “threats”, also a 
correlation of 0-26 between “mtelligence” as measured by tests 
and p g reflex when produced by “sensory” stimuli, e.g. the 
report of a toy pistol. 

Miss M D. Waller 1 also concluded that the size of the p.g. 
reflex is m some degree associated with mtellectual efficiency, 
but this was assessed only from the result of an hour’s ex- 

^ M D Waller, “The Emotive Reeponae of a Claes of 73 Stndenta of 
Mediome”, Lancet, 1918, p. 610. 



240 THEORY AND PRACTICE OF PSYCHOLOGY oh. 

aminatioii in phTsics, the subjects being women students of 
medicme. 

Prideaux^ also as a result of his expenence formed the view 
that “the greater the intellectual development the more pro- 
nounced are the reactions to ideational stimuh ” 

W. S Brown* found the size of the reflex to correlate as 
follows with teachers’ estimates of mteUectual guahties* Intel- 
ligence, 0'09 Quickness of apprehension, 0-20. Profoundness of 
apprehension, 0*12. Soundness of common sense, 0-22. These co- 
efficients are very low, as the probable error is 0-09 Nevertheless 
it IS too early to come to a definite conclusion, for as Thouless * 
pomts out “The problem of what is a significant measure 
of the P.6 E 18 not yet solved”. , . “We call out the word 
‘dog’ and our subject’s apparent resistance changes from 10,000 
ohms to 9000 ohms Ten mmutes later, when we come to the 
word ‘cat’, his apparent resistance is 7000 ohms What change 
of resistance would indicate that his reaction to ‘cat’ was equal 
to that to ‘dog’^” This difficulty is especially acute when differ- 
ent mdividuals varymg widely m apparent resistance are com- 
pared and ranked with respect to the size of their P.G.E ’s. In 
this chapter I have largely avoided that difficulty by choosing 
experiments where different stimuh or different instructions are 
employed with the same, mdividual. 

QUESTIONS 

1. Enumerate some of the difficulties experienced when at- 
tempts are made to rank subjects according to the size of 
their psychogalvanic responses. 

2. What importance would you attach to the P.G E, Test if 
employed m a court of law as a means of detectmg decep- 
tion? 

• E Pndeanx, “The Psychogalyanio Reflex A Review”, Bratn, Part 1, 
1920, p 50 

• W S Brown, “A Note on the Peychogalvanio Reflex oonaidered m 
Conjunction with Estunates of Character Qoahties”, Bnt. Joum of Psychol. 
vol. 16, Part 2, 1926. 

• B H Thoolesa, “The Technique of Experimentation on the Payoho- 
galvanio Reflex Phenomenon and the Phenomenon of Tarchanofi”, Bnt. 
Joum of Psychol vol 20, Part 3, 1930, p 230. 
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ILLUSIONS 

THE MULLER-LYER ILLUSION 
Experiment 1 

Materials. — Black lines are drawn on tliin xylonite as 
shown in the diagram. The short hnes at the ends form an 
angle of 120 degrees. The line on the left is 100 millimetres long 
The Ime on the right is variable and is drawn on a part which 
slides m and out of a framework directly under the other part. 
At the back is drawn a scale m millimetres which enables E 
directly to read how many millimelres shorter or longer than 
the constant Ime is the variable when they are presented to S, 
or when S adjusts the variable so that it appears equal to the 
constant 

In case zylomte is not available, white cardboard may be 
used. By suitable illumination the vertical line dividing the two 
parts may be caused to disappear if S looks at the figure shghtly 
obhquely from a distance of about 18 mches. 

Procedure. — Two methods may be employed 
(o) S himself adjusts the variable to appear equal to the 
standard. Five readings may be taken, starting from each of 

four positions, namely, 

with the variable on the 

right and distmctly longer 
than the standard, with 

the vanable on the right 

jijg 27 . distmctly shorter 

than the standard, to- 
gether with the two corresponding positions when the vanable 
IS on the left. The Crude Constant and Crude Average Errors 
and the Space Error should be calculated (cf. Chapter 24) 

(6) The Constant Method . — ^E sets the variable at definite 
positions, according to the millimetre scale. The figure is then 
242 
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exposed for two seconds and S judges whether the variable is 
longer, shorter or equal to the standard. Here again the variable 
should appear on the left as well as on the right, and several 
exposures for each position should be given (cf. Chapter 24) 

The results obtained by the two methods should be com- 
pared. 

THE SIZE-WEIGHT ILLUSION 
Experiment 2 

Matxbials. — ^Two standard boxes and eighteen comparison 
boxes. Pill boxes form a suitable material Both standards 
weigh 66 grams; both are 28 mm thick, but the larger is 82 and 
the smaller 22 mm in diameter The eighteen comparison boxes 
are all 28 mm thick and 35 mm m diameter, but their weights 
range from 16 to 100 grams by 5 gram mcrements. 

Pbocedttbe — ^Arrange the eighteen comparison boxes on 
thick felt on a table, m the order of their weight from left to 
right Place before 8 the larger standard, and say “Here is a 
box. I want you to find a box m this senes of eighteen boxes 
that seems to you just as heavy as this one loft it by picking 
it up edgewise with your thumb and finger Then try the first 
of these weights (at the left) If that does not suit, try the next, 
then the third, and so on, till you find a box that seems equal 
to this one. Each tune you must lift this block first, then the 
one you are trying in the series. Keep your eyes constantly 
directed at the weight you are lifting”.^ 

When S has selected an eqmvalent weight, the same pro- 
cedure IS followed with the second, or smaller standard box. 

PROGRESSIVE WEIGHTS 
Expenment 3 

Matebials. — set of twelve weights, of identical size and 
appearance, numbered conspicuously from 1 to 12. The first 
four weigh 20, 40, 60 and 80 grams respectively; the remaining 
eight weigh 100 grams each. 

^ G. M. Whipple, Manual of Menial and Physical Tests, Part 2, Test 40, 
191S. 
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Procedure. — ^Place the twelve weights in a line as num- 
bered, on thick felt on a table, with the hghtest on the left and 
the eight heaviest on the nght, and with about 2 cm. between 
each weight No. 1 is then at the left, No. 12 at the right of the 
row Say to S: “Here is a series of weights; twelve of them. I 
want you to lift them, one after the other, like this.” (Illustrate 
by takmg a weight between finger and thumb and lifting some 
10 cm from the table.) “As you lift each weight, I want you to 
tell me whether it is heavier, lighter, or the same as the one just 
before it. All you have to say is either ‘heavier’, or ‘hghter’, or 
‘the same’. Remember you are to compare each weight with 
the one you lifted just before For instance when you lift the 
8th, you are to say whether it is heavier, lighter, or the same as 
the 7th. Here is the first weight, number one, at the left end 
of the Tow.”'^ 

Watch S to see that he follows these instructions, particularly 
that he hfts the weights successively, without reliftmg earher 
ones. 

DISCUSSION 

The study of illusion has throughout the ages presented many 
bafifimg problems. Smce psychology became an experimental 
science considerable progress m the study can be recorded. 

The publication of Bully’s lUustons — A Psychdogtcal Study 
in 1881 helped to focus the attention of psychologists on the 
subject, and ever smce they have been prohfic m their explana- 
tions of the various illusions But owmg to the complexity of 
the subject it is still difficult to draw a sharp line between cases 
which are illusions and those which are not One writer of 
fiction referred to “illusions” as the epithet apphed by cynics 
to life’s most beautiful realities Such a descnption at least 
renunds the senous reader of the perennial philosophical conun- 
drum — What IS reahty* To “the man m the street” illusion has 
a very loose meamng — a political heresy or a conjurer’s tnck, 
the delusions of a paranoiac or the hallucmations, whether 
entrancing or terrifying, of a drug addict A student of psych- 
ology, on the other hand, would apply the term “delusion” to 
' G. H. Whipple, Manual of Mental and Phyttcal Tests, Fart 2, Test 41. 
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a false belief which would entitle him to regard the individual 
holdmg it as abnormal, and McDougall ^ has classed all delusions 
mto delusions of desire and delusions of aversion But obviously 
no clear Ime can be drawn to mdicate when a behef becomes a 
morbid delusion. Further the term “hallucination” is confined 
to misperceptions where sensory cues are absent, and although 
this distmction is practically convement there are, strictly speak- 
ing, no cases of hallucination without some sensory cue Thus 
no sharp Ime can be drawn between hallucination and illusion 

A narrower sweep than that of the “man in the street” but 
still a very broad sense is to confine the term “illusion” to a 
perception of a particular kmd, namely, one which does not 
harmonise with objective reahty as determined by the total 
available sensory evidence Now illusion m that sense may be 
erpenenced owing to the conditions of stimuli outside the 
organism, e g nurrors, prisms or lenses, or it may be brought 
about owing to physiological processes mherent m the organism, 
e g retinal processes or processes of ocular muscles. 

Examples of the first kmd would be a succession of stationary 
pictures on a cmema screen producmg an illusion of actual 
motion or the “ghost” produced on the stage by artificial lenses, 
or the mirage caused by the lenses of nature Thus I once saw 
m Egypt a sheet of water which appeared as if it were situated 
m the desert although actually there was no water withm 
many miles Examples of the second kmd would be the green 
after-image seen on a white sheet after fixating a red patch of 
colour, or seemg two fingers when one finger is held at a certam 
distance from the face Confining our attention to the visual 
field, it IS obvious that, m this broad sense, there would be 
manifold cases of illusion,* such as mverted unages, after- 
images and after-effects of seen movement,® retinal rivalry, 
stereoscopic vision, parallax, convergence and accommodation, 
simultaneous and successive contrast, simultaneous and suc- 
cessive mduction. 

' W McDougall, An Outline of Abnormal Psychology, 1926, p 333 

’ Of C 8 Myers, 7'ex<&oobo/£xpert?nentalPsycAo2o0i/, Parti, chap 6, and 
R H Wheeler, The Science of Psychology, 1929, chap 3 

• Cf A Wohlgemuth, “On the After-effect of Seen Moromont”, JBrtl Joum 
of Psychol Mon. Suppl No 1,1911. 
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Usually, however, in psychological textbooks the term 
“illusion” IS hmited to the subjective perversion of the contents 
of objective perception, as m the case of the Muller-Lyer 
illusion (Experiment 1). Here the mismterpretation or per- 
version IS surely different from that which obtains in the case 
of a mirage or of an after-image where psychological processes 
cannot produce the phenomena. The sensory cue is mismter- 
preted m the case of a mirage, but surely through no fault of 
the optical or cerebral systems Now takmg experience as 
sigmfying “something hved”, it may be equally real in the case 
of the Muller-Lyer illusion, the mirage, and the after-image, 
and only when the phenomena are absent are doubts cast on the 
efficiency of the retina or cortex. Nevertheless, there is a distmct 
psychological process active in the illusion proper, the Muller- 
Lyer, which plays no part in the production of the mirage or 
the after-image 

Further, all mdmduals would experience such a phenomenon 
as a mirage, there would be no mdividual differences m sus- 
ceptibihty In illusions proper, however, although they are 
called normal illusions, yet it is important to note that indivi- 
duals do differ m their susceptibility to particular illusions 
This could be strikingly illustrated by asking different persons 
to place a mark on the wall to indicate the height which a top 
hat would reach if placed on the floor Or agam, many of those 
who are fond of assertmg the eqmvalence of a pound of lead 
and a pound of feathers would select lead weighmg anythmg 
from a tenth of a pound up to half a pound as 
equal m weight to a pound of feathers The word 
“normal” means nothing more than that most in- 
dividuals are subject to the illusion to a greater 
or less extent It may, however, be convement in 
dealmg with measures of an illusion to refer to 
Fio 28 measure most commonly experienced as normal 

Confining our attention to optical illusions, they 
are usually classified under such headmgs as 
(1) lUusums of Reversible Perspective — The figure may appear 
either as the mside or the outside of a book Study the frequency 
of the changes Analyse also the changes which occur when the 
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centre of the figure is fixated and its distance is increased or 
diminished 

(2) Illusions of Reversible Figure and Ground — The figure can 
be seen as a row of black T’s on a white background, or as a 
row of white leaves on a black background. 
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(3) Illusions of Length — E g the Mnller-Lyer illusion 

(4) Illusions of Area . — Cf Question 1 at the end of this 
chapter 

(S’) Illusions of Directum — In Poggendorff’s figure (Fig. 30) 
cd does not appear to be a prolongation of ab. 


Experiment 1 The MuUer-Lyer Illusion 

This illusion has given rise to much discussion Many emment 
thinkers have advanced theories m explanation Titchener^ 
mentions twelve’ (1) Delboeuf’s Theory of “Attraction of 
Regard” (2) Brentano’s Theory of the “Pseudoscopic Angle”. 
(3) Auerbach’s “Physiological” Theory. (4) 

Brunot’s “Mean Distance” Theory (6) Muller-® 

Lyer’s “Confluence” Theory (6) Thirty’s “Per- 
spective” Theory (7) Wundt’s “Eye-move- 
ment” Theory. (8) Emthoven’s “Dispersion- 
Image” Theory. (9) Lfiska’s Theory of “Jouung 
the Discontmuous” (10) Heymans’s “Movement 
Contrast” Theory. (11) Lipps’s “Mechamcal- 
aesthetic” Theory (12) Jastrow’s “Relativity” 

Theory. 

Those who wish to undertake a detailed study of this illusion 
will stiU find Titchener’s account and list of original references 
mdispensable. 

* E B. Titohener, Experimental Psychology, vol 1, Part 2, 1901, p. 321. 
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Rivers^ tested the degree m which Enghsh men, women and 
children, Todas, and Murray Islanders were subject to the 
Muller-Lyer illusion The savage tended to be less subject to 
the dlusion than the civihsed man. As Myers* observes, the 
figure has less meamng to the savage and he is consequently 
less influenced by the figure as a whole when estimating the 
length of one of its parts. He is therefore able to attend more to 
that part and his task is more elementary. 

Rivers also found that the extent of the illusion varied much 
less among his Papuan observers than among Englishmen, and 
similarly it vaned less among English children than among 
English men. 

The civilised adult is more acquamted with the illusion, and 
some may attempt by various means to overcome it. Thus his 
judgment is more complex and more vanable than that of 
primitive man or civilised child 

Expenment 2 The Stze-Weight lUuston 
Of two objects of equal weight but varymg greatly in size, the 
greater amount of muscular effort is put forth in liftmg the 
bigger, and so it is judged to be the hghter of the two Thus a 
pound of feathers appears lighter than a pound of lead Normal 
adults are therefore subject to this illusion as a result of their 
expenence, and it is not surprising to find that young or defec- 
tive children are not subject to it As a measure of the illusion 
one may take the difference m grams between the two blocks 
selected by S as the equivalents of the two standards 
The MatenaJrW e%ght lUuston — ^A sohd cube of wood appears 
heavier than a hollow leaden cube of like size and weight, and 
if cork were substituted for wood the illusion would be stronger 
still Here agam there is a more or less unconscious inference 
which detenmnes the amount of muscular effort put forth. 

Expenment 3- Progressive Weights 
This test IS one of several devised by Bmet in an attempt to 
measure the degree of suggestibility. As a measure of the 

* W H. R Rivers, “Obserrations on the Senses of the Todaa”, Rnf Joum 
of Psychol vol 1, 1905 

* C. S. Myers, Introduction to Experimental Psychology, 1911, p 65. 
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illusion may be taken the number of times the judgment 
“heavier” is given m the last seven judgments which do not 
involve a real difference m weight between the stimuh. 

Avebng and Hargreaves^ tested children with a battery of 
Suggestibihty tests which included the Progressive Weights 
test, and although they considered their evidence pomted to a 
general factor of Suggestibihty comphcated by group factors, 
there was no ascertained tendency for Suggestibihty to go with 
other general factors such as General Intelligence 

ILLUSION AND GESTALT 

Gestalt psychologists stress the fact that perceptual experi- 
ence IS never detached It always has a settmg In other words, 
it IS never dependent exclusively on its local stimulus Kohler 
points out that “all the well-known ‘illusions’ may be cited as 
evidence of the fact that local processes depend upon sets of 
stimuh”.* 

Such a view commands general agreement The real con- 
troversy centres round the fundamental doctnne of the Gestalt 
school, namely, that there are Wholes or Gestalten which are 
given tmmedtately Once this is granted, Gestalt-psychologists 
are able to account for illusions, at least tn general terms. Thus 
Wheeler writes that the Muller-Lyer illusion “is conditioned by 
the total arrangement of the hnes, vanous smgle factors con- 
tributing by virtue of their relationship to the whole”.® Even 
so, probably Gestalt-psychologists would agree that there is the 
further need of some analysis of the “vanous single factors” 
which contribute to each particular illusion. 

ILLUSION AND NOEGENESIS 

Since the so-called “normal illusions” are expenenced by 
civilised man and by the primitive savage, it would appear that 
an illusory presentation must m some way prevent the mdivi- 
dual from exercismg his “g” In fact, Spearman classifies an 

* F Aveling and H L Hargreaves, “Suggestibility with and without 
Prestige in Children”, Bnt Joum of Psychol vol 12, 1921 

* W KShler, Gestaft Psychology. 1929, p 126 

* R. H. Wheeler, The Science of Psydiology, 1929, p 369. 
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illuBion as a type of error due to the violence of some bias which 
acts as a substitute for insight.* In every illusion the quantita- 
tive law of retentivity m the form of reproduction or persistence 
overshadows the laws of eduction. An example of persistence 
IB the MuUer-Lyer illusion which can be explained as the merg- 
ing of one cognised item mto another cognised immediately 
afterwards. For even when the exposure of the figures is ex- 
tremely brief, mtrospection distinguishes between two stages 
m the perceptual operation- first, the entire figures are seen 
with diffused attention, and then one or both of the stems are 
seen with concentrated attention, and only in this second penod 
IB it that the one stem seems longer than the other, and this 
apparent greater length of the stem in the “feather head” 
figure has its ongm m the greater lateral extension of the whole 
“feather head” figure as compared with the “arrow head” 
figure This is known as confluence,^ by which is meant that the 
recurrence of an aspect in one part of a perception facilitates its 
occurrence m another part Thus the perception of further 
extension in the “feather head” parts facilitates our perceivmg 
further extension also m the stem Spearman indeed does not 
co nfin e the term “illusion” to sensory perceptions but includes 
m it aU beliefs which are due to an essentially similar 
mechamsm 

QUESTIONS 

1. Prepare 8 circular pieces of white paper of the folio wmg 
diameters 2 - s'., 2 - 2, 2 + Vj, 2 + f., 2 -i- 2+ *j, 

2 + mches, also 8 square pieces of white paper, the side of 
each square being 1-8 mches, also 8 sheets of neutral gray, 
9 m by 7 m , on each of which should be pasted one of the 
circles and one of the squares, the distance between them 
being 1 mch E exposes these sheets one at a time, accordmg 
to the Constant Method when the steps are unequal (Chapter 
24) Each sheet is exposed for about 2 seconds at a constant 
distance from S, who judges whether the circle is greater, 

^ C Spearman, The Nature of “/nleH>pence”, 1923, p 287. 

' Cf V. Hazhtt, Ability, 1926, p 13 fi , and A W P Wolters, The Evidence 
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equal or less than the square Calculate the size of the circle 
which appears equal to the square 

2 Successive stimulation by two lights at two pomts A and B 
not too distant from e€«jh other produces an eicpenence of 
movement from A to B, provided the illummation m each 
case IS of smtable mtensity and duration, and the time 
mtcrval between the two stimulations is also smtable Do 
you regard such a phenomenon as an illusion* (This is 
the well-known phi phenomeTum of Wertheimer, and the 
advanced student may consult M Wertheimer’s “Expen- 
mentelle Studien uber das Sehen von Bewegung”, Zettsch 
f Psychol. 61, 1912, also R H Wheeler’s The Sctence of 
Psychology, p 362, 1929, where Korte’s Laws of optimum 
movement are stated ) 

3. A white disc, 1 foot m diameter, lies flat on a table with its 
centre 4 feet from the edge of the table S, with his eyes 
18 inches above the edge of the table, looks at the disc 
through a slit in a screen and matches the apparent shape 
of the disc with one of a senes of cardboard ellipses graded 
in eccentncity It will be found that he will choose one 
mtermediate m shape between the “real shape” which is a 
circle, and the “perspective shape” which is a particular 
ellipse Is this an illusion* (cf R H Thouless, “Phenomenal 
Regression to the Real Object”, Bnl Jmim of Psychol. 
vols 21 and 22, 1931, “Individual Differences m Phenomenal 
Regression”, ibid vol 22, 1932; W Kohler, Gestalt Psycho- 
logy, 1929, p 76 Thouless calls the apparent shape the 
“phenomenal shape” and found that Ss differed m their 
tendency to phenomenal regression to the real object 
Women tended to show greater regression than men Artists 
showed less regression than the average Regression was 
found to correlate positively with age and negatively with 
intelhgence) 
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CHAPTER 23 


STATISTICAL METHODS 
§ I. STATISTICS 

The word “statistics” is denved from the Latin status, a 
political state The word “statist”, meamng a pohtician, is 
found m Hamlet, Act V Sc n (1602) But it was nearly two 
hundred years later when the word “statistics” appeared It 
then signified the exposition of the noteworthy characteristics 
of a state, but this was mostly m words not m figures Not until 
the nineteenth century did the word acquire a narrower mean- 
mg, namely, the exposition of the characteristics of a state by 
numencal methods, e g vital statistics, poor-law statistics, etc 
Finally, about the end of the nineteenth century, the word 
“statistics” was used not merely with reference to matters of 
state but qmte generally to all quantitative data, whether 
found m the natural, biological or social sciences. At present, 
then, those methods which are specially adapted to the elucida- 
tion of quantitative data affected by a multiphcity of causes 
are called statistical methods ^ 

As the psychologist has to deal with highly comphcated 
cases of multiple causation it becomes essential that he should 
have some acquamtance with statistical termmology. Other- 
wise, he can neither hope to read psychological hterature with 
pleasure and understanding nor attempt to deal authoritatively 
with any quantitative data on his own account Even to the 
expert statistician discretion and humihty are still desirable 
attributes lest there be a causal circumstance remammg uncon- 
trolled 

Now there are different orders of statisticians, as Woodworth® 
has pomted out. There is on the one hand the mathematician 

^ G Udny Yule, An Introduction to the Theory of Statietics, 1927, pp 1-6 

• R S Woodworth in Introduotion to H. E Garrett’s Statietic* in Psycho- 
logy and Education, 1926. 
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who invents the method or formula, and on the other the com- 
puter who can, when directed, work out the necessary averages 
or coefficients as demanded by the formulae. In between the 
two comes the psychologist who “must have a discnminating 
knowledge of the kit of tools which the mathematician has 
handed him as well as some skill m their actual use”. He may 
not have an accurate knowledge of how a formula was derived, 
yet he must know the use and limitations of it. 

§ 2. CONTINUOUS SERIES AND DISCONTINUOUS SERIES 

If it be necessary to measure the InteUigence Quotient of each 
child m the elementary schools of a large city it would be found, 
with rare exceptions, that all the measures would he somewhere 
between 60 and 160 Provided the divisions of the scale were 
sufficiently minute any measure whatever between these hmits 
might be met, eg 106 7 Thus the senes of measurements may 
be regarded as continuous 

It IS otherwise when the vanable is the size of a family, the 
size of a school class, salary per week, etc There can be no 
school class intermediate m size between 30 and 31 pupils. Such 
vanables are therefore discontinuous Most data which are 
gathered m psychology belong to contmuous senes But there 
are two ways of regarding the activity of markmg when dealmg 
with contmuous measures Usually as m a group test of intel- 
hgence, each pupil who gets 8 marks may be regarded as 
deservmg a mark lymg somewhere between 8 and 8-99 . , for 
some may have been on the point of completmg the next 
answer when time was called But sometimes, m such per- 
formances as essays or handwntmg, 8 marks may be taken at 
face-value as expressmg the judgment of the exammer better 
than 7 or 9, that is, it is 8 to the nearest whole number 

§ 3. FREQUENCY DISTRIBUTION 

After collectiiig the data, the first task, if the measures are 
at aU numerous, is to classify them m an orderly form Thus, 
supposing it is reqmred to find the InteUigence Quotient of aU 
boys aged eleven attending a big elementary school and that 
the results have to be presented for analysis The lowest value 
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might be 71-6 and the highest 139. By choosing a class interval 
of 6 this range wdl provide 14 steps As a rule, less than 10 steps 
does not provide a detailed enough analysis and more than 
20 steps would be cumbersome In the foUowmg table every 
I Q equal to or greater than 70 but less than 75 is entered as 
belongmg to the class interval 70-74-9, and similarly for the 
other measures 

§ 4. REPRESENTATIVE VALUES 

It 18 impossible to keep m view the mdividual measurements 
of an extended senes Instead a measure is sought which repre- 
sents these measurements There are three such representative 
values in use (1) the average or mean, (2) the median, (3) the 
mode. 

The Mean is the measurement obtamed by addmg up all the 


Claw Interval 


Frequency 



/ 

d 


/d> 

135-139 0 

1 

7 

7 

49 

130-134 9 

2 

6 

12 

72 

126-129 9 

3 

6 

16 

76 

120-124 9 

4 

4 

16 

64 

116-119 9 

3 

3 

9 

27 

110-114 9 

6 

2 

10 

20 

106-109 9 

8 

1 

8 

8 

100-104 9 

11 

0 

77 

0 

96- 99 9 

9 

-1 

-9 

9 

90- 94 9 

6 

-2 

-10 

20 

86- 89 9 

6 

-3 

-16 

46 

80- 849 

2 

-4 

-8 

32 

76- 79 9 

1 

-6 

-6 

26 

70- 74 9 

* 

-6 

-6 

36 


60 


-63 

482 


fd 


77-52 

24x5 

60 


=24 

>2 


Mean = 102 5 + 2=104-5. 
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individual measurements and dividmg by the number of 
measures. A little reflection, however, wdl convmce the student 
of the great saving of time by usmg the short method recom- 
mended for actual practice when the measurements have been 
arranged in a frequency distribution. It is customary to assume 
a mean at the middle pomt of the class mterval of greatest 
frequency. Thus m the present example the assumed mean is 
102*5 The d column gives the deviations of the middle pomts 
of the class mtervals from this assumed mean m umts of class 
interval. To get the exact mean, multiply each d by its / and 
find the algebraic sum which is 24 On dividing this sum by the 
number of cases and multiplying by the size of the class interval, 
the correction c, which should be added to the assumed mean 
m order to get the exact mean, is obtained Thus the exact 
mean is 104*6. 

The Median is the pomt above which and below which are 
50 per cent of the measures In the above example it may be 
found by counting off one half of the measures, namely, 30 
Twenty-three measures bring the score to 100, thus the median 

IS 

100*f^x6 = 103*2. 

The Mode is that measurement which occurs most often in 
the senes It is rarely of use in psychology and will here be 
neglected. 

Comparison of Mean and Median — The mean takes mto 
account the size of every measure. This is an advantage if the 
extreme measures are vahd, for then they should be permitted 
to contnbute their weight But this is a disadvantage if the ex- 
treme measures are suspicious, for they may greatly affect the 
value of the mean. 

The mean m general is more reliable than the median, as the 
standard deviation (cf . § 6) of the latter is 26 per cent more if the 
distributions are approximately normal The mean is also to 
be preferred when the data have to be subjected to further 
analysis, e.g the computation of the product moment coefficient 
of correlation. Further, in combining the representative values 
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of several senes the mean has an advantage for it can be ob- 
tamed algebraically from the separate means, while to obtam 
the median it is necessary to combme all of the senes mto one 
and calculate afresh. 


§ 5. MEASURES OP VARIABILITY 

In addition to the representative value, there is need of 
another fundamental concept, namely, the vanabihty of the 
scores There are four ways of measunng the vanabihty or 
dispersion 

(1) The Range. — Kb an illustration consider the two distri- 
butions 

5 16 26 36 46 

23 24 26 26 27 


Both have the same number of cases, namely 6, and the same 
mean, namely 26 But the range or spread m the first senes is 
40 and m the second only 4 The range then is a rough measure 
dependmg only on the two extreme scores, but it may be useful 
when only a few measurements are available In the example 
of § 3 the range of Intelligence Quotients is 139-71-5 = 67 6. 

(2) The Average Demotion (A D ) — ^For a simple ungrouped 
series the average deviation is obtamed by addmg the absolute 
values of the deviations from the mean, disregarding sign, and 
dividmg by their number For the example shown it is 12 


X D D* 

46 20 400 

36 10 100 

26 0 0 

16 10 100 

6 20 400 

60 1000 


Mean =25. 

SD 60 

Average Deviation = — = y = 12. 

Standard Deviation = (approx.). 
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It must be distmctly understood that this example, with n as 
ridiculously low as 6, is merely taken for illustration No one 
would attach any importance to a measure of vanabUity 
obtamed from such a small number of scores. 

For small samples, when n is less than 30, the estimated value 
of the average deviation or the standard deviation may difier 
considerably from the true value, and other methods of esti- 
matmg the significance of statistics for such cases will be dis- 
cussed later. 

For a grouped distribution as m § 4, let be the middle 
pomt of the mterval in which the mean M hes, let N„ and Nj 
denote the number of measurements above and below the 
mean, and let h be the size of the class mterval. Then i 

AD + 

n 

130 X 5 + (102-5 - 104 5) (26 - 34) ^ ^ 

(3) Standard Dematton (<r) — For a simple ungrouped series 
the deviations from the mean are squared, added together and 
averaged, and the square root of this average is the standard 
deviation of the sample, or 

For the example given it is 14 

For a grouped senes, as m § 4, 

The standard deviation is a more reliable measure of vanabil- 
ity than the A D It is less affected by fluctuations m samphng, 
and as m the case of the mean its a^ebraic properties makes it 
useful when the results from several senes have to be combined 

(4) The Qudrtile Dematton — If Qj, the lower quartile, be 
determmed so that one-quarter of all the measures are less than 
Qi and three-quarters greater. And if Qg, the upper quartile, be 

‘ £ I/d' IS the arithmetic sum of the/iTs In this example all measure- 
ments withm the mterval where M hes are assumed to be below M. 



STATISTICAL METHODS 


determined so that one-quarter of all the measures are greater 
and the other three-quarters less Then the range Qj to Q 3 is the 
irder-quartile range and mcludes the middle half of the measures 
The sem%-%nler-q‘mrt%Le range is the quartile deviation Q so that 



1 N 

In § 4, Qi, the 25th percentile, is 95 + ^ x 5 = 95-6 (smce = 15) 

Qj, the median, or 60th percentile, has already been calculated. 

3 3N 

Qj, the 75th percentue, is 110 - 1 -^x 5 = 113 (smce =45). 

(5) Pearson’s Coefficient op Variation (V) — The meas- 
ures of vanabihty thus far considered are expressed m the 
units of the variable and are mdependent of the magmtude of 
the mean But sometimes we wish to compare the variability 
of a group m one activity with its variabihty m another where 
the scale umts and the mean are qmte different 
This can be effected by Pearson’s coefficient of variation or 



The mean cost of a smt of clothes for adult males m a given 
community might be £4 and the standard deviation £2, whereas 
the mean cost of the houses in which they live might be £800 
and the standard deviation £300 Although the absolute 
vanabihty in cost of house is 150 times greater than that m 
cost of a suit, yet the relative vanabUities for house and suit 
respectively are 37^ and 50. So that the members of this com- 
munity are actually less variable in their choice of house than 
m their choice of a smt. 

Example — Compare the vanabilities of a class m examina- 
tions in English and m Arithmetic. For English, = 80 marks, 
o-j = 10 marks For Anthmetic, M, =40 marks, o-j = 10 marks. 

§ 6. MEASURES OP RELIABILITY 
In the illustration of § 4 the group of sixty is only one sample 
of boys of eleven taken from a particular school. The question 
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arises' How truly does a representative value, e g the mean of 
that sample, 104-5, apply with reference to all boys of eleven 
throughout the country^ And further. How truly does a 
measure of variabdity, eg the standard deviation for that 
sample, 14, represent that obtamed when all boys of eleven are 
mcluded'2 Before answering it is necessary to consider errors of 
two kinds- 

(1) Tartable Errors —The sample taken may have had long 
practice with similar tests, or may have been specially coached, 
or it may be fatigued, or inattentive, or the tester may not have 
administered the teats accordmg to the printed directions 
Unless such factors can be controlled it would be idle to expect 
the values obtamed to have umversal significance. 

(2) Sampling Errors — The sample may contam a greater 
percentage of bright scholars than would be found m a group 
representative of the whole country, that is, the sample is not 
truly representative In fact, the value obtamed for the mean 
104 5, suggests this. In such a case no formula would enable us 
to calculate the true mean, or true standard deviation. But if 
the sample can be regarded as a random sample, then Yule 
has proved, and it can also be verified m practice, that the 
reliabihty of a mean mcreases in proportion to the square root 
of the number of measurements It is also clear that the mean 
is likely to be more reliable the more closely the mdmdual 
measurements are clustered round the mean, that is, the smaller 
O-dis “ 

Thus the rehability of a mean can be expressed m terms of 
the standard deviation of the mean 


g'dla 


In applying this formula it is not necessary to assume that the 
distribution curve is normal Even when it is not normal it will 
stiU be found that for a large number of samples the deviations 
of the mean of each sample from the true mean will tend to 
follow the normal curve provided the size of each sample is 
large. In the laboratory, however, small samples are often 
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considered and special methods have been devised for deter- 
mining the rehabihties (cf. § 7) 

There are other formulae which can only be used when the 
distribution curve is normal or approximately normal Thus 
the reliabihty of the median can be expressed m terms of its 
standard deviation : 


Likewise the rehabibty of an obtained 0 -^ 1 , is given by o-, and 


..=0 7071 ^ 

The Beltability op the Diffeeence between Two 
Means — In § 4 the mean I.Q for boys of eleven was 104’6. If 
the correspondmg value for girls of eleven from the same school 
were 106 6 or 102‘6, one could hardly conclude without further 
analysis that there was a significant difference m I Q between 
boys and girls of eleven The samples taken, bemg from one 
particular school, are not sufficiently representative It would 
be necessary to take a large random sample of boys and girls 
of eleven and apply the formula 

‘^dut =V'o-.v. + <^.v.. 


where is the standard deviation of the difference between 
the two means Unless the observed difference D between the 
means is at least three times as great as a-^i„ it is not usual to 
rely on the difference being significant Thus supposing the 
means for 300 boys and 400 girls were 104-5 and 105-5 respec- 
tively, and the correspondmg standard deviations of the two 
distributions 10 and 16 respectively then 


D 106-6-104-6 





THEORY AND PRACTICE OF PSYCHOLOGY 


From the following table it can be seen that the chances of the 
girls bemg superior to the boys would be only 84 m 100 and 

hence not very significant. The first row gives — and the 

O’diff 

second the chances in 100. 

01 0-2 1041061 0-8 |10jl2|14ll6ll8|20| 221 241 261 281 30 
60 I 68 I 65 I 73 I 79 I 84 I 88 I 02 I 04 I 96 I 08 1 98 6 1 00 2 1 09 6 1 09 8 1 00 9 

In the last example the two senes of measurements, namely, 
those for boys and for girls, were assumed to be independent of 
each other. But sometimes the two senes of measurements are 
correlated, then the appropnate formula must be employed. 

"■difl = V <»■«,», + ""av , ~ 2ro-ay , • (Tg^ ,, 

where r is the coefficient of correlation between the two senes. 


§ 7. STATISTICS FOR SMALL SAMPLES 

It was pomted out by Student m 1908 that the standard 
deviation, <r, of a population cannot accurately be estimated 
from the small sample which is available, and a method of 
findin g the sigmficance of the mean m such a case was 
developed ^ In 1925 R A. Fisher’s Statistical Methods for Re- 
search Workers appeared, and Fisher’s methods of dealing with 
small samples are now becommg widely known in psychological 
laboratones. A bnef account of Fisher’s methods of findmg the 
significance (1) of the mean and (2) of the difference between 
means will now be given. 

Significance of the Mean — ^If r,, x^, . . . is a small 
sample of values and if » is the estimated standard deviation, 
and X IB the mean, then the estimated standard deviation of the 


mean is Hence the chances of the mean being zero will 
V 

depend on the value of 



y/n^ 

> Student, “On the Probable Error of a Mean,” B%ometnka, vol 6. 1908. 



STATISTICAL METHODS 


To find s Fislier uses the foimula 

a* 1 

Consequently ^ - x)*. 

For small samples this mcreases the value of the deviation 
A table of t values is given by Fisher which enables us to 
determme the sigmficance of the mean In the table n = n^-l 
To be significant, the value of P, the probabihty of fallmg out- 
side the range ±t, should at least be less than 0 05 
Example . — Six professional golfers who returned the best 
scores at a large tournament were requested to test the standard 
size ball against one sbghtly larger After some prebmmary 
practice with the larger ball it was decided that each should 
play a morning and an afternoon round Each started with a 
standard ball in the mormng and with the larger ball in the 
afternoon Each changed from one type of ball to the other 
after playmg each hole From the figures appended find the 
probability of one type of ball bemg supenor. 



i-isw.2; ^ 


n=n^-l=5. 
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Hence from the t table P w about 0*2 and the result is not verj 
significant. 

SlGNUTCANCE OF THE DIFFERENCE BETWEEN MeANS. — If 
x^, Xj, . . . x„__^i and x^i, be two samples, the 

significance of the difference between their means x and ^ 
depends on the value of 

t 

O'dlll 


Now if the true a of the population were known, we have 
already seen that would be 


nj + 1 


But as it IS not known Fisher forms an estimate s of it by 
pooling the sums of squares from the two samples and dividing 
by the total number of the degrees of freedom contributed by 
them, namely +nj The necessary statistics then must be 

x=^— ,S(x) x^ = — — S(xi), 

nj + l ' ' n, + l ' 

«*=^^{S(a:-x)* + S(xi-i?)*}, 

^ _ X - X* /(Jii + l)(n, + i) 

8 V ni+nj + 2 ’ 

n=«i+n,. 


Example — Suppose the figures in the first two columns of 
the last table had been obtained usmg different players for the 
two balls, what is the probabibty of one type of ball bemg 
superior* 

On calculatmg the necessary statistics, usmg the last two 
columns m the table, it is seen that 

s* = ^(28 + 108) -13-6, 
and smee x-x^=2 

«=0-94. 
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For n = 10, the resulting value of P from the t table is between 
0-4 and 0-3, The difference then is clearly not significant, and 
as would be expected, the result is far more sigmficant when 
the same players use both balls 


Abbreviatkd Table of t 



§ 8. REGRESSION AND CORRELATION 

In addition to computmg a representative value such as the 
mean variate, or a measure of the vanabihty of the scores, or a 
measure of the rebability of the mean, and m addition to com- 
panng two vanates as regards their means or vanabilities, or 
determimng the reliabihty of the difference between their 
means, it is often essential m the social sciences to ascertam 
how, and to what extent, the two vanates are related For this 
purpose it IS necessary to become familiar with two important 
and distmct concepts, namely, the regressum coefficient and the 
corrdalion coeffi/neTU Fisher ^pomts out “The idea of regression 
IS usually mtroduced in connexion with the theory of corre- 
lation, but it 18 in reality a more general, and, m some respects, 
a simpler idea, and the regression coefficients are of interest 
and scientific importance in many classes of data where the 
coefficient of correlation, if used at all, is an artificial concept 
of no real utibty”. 

Sir Francis Galton * introduced the terms regression and co- 
relation and devised methods of measuring them m his studies 
of inhentance Truly a fascmatmg chapter m the history of 

* R A Fisher, Statistical Methods for Jlesearch Workers, 1932, p 120 

• F. Oalton, “Regression towards Mediocrity m Hereditary Stature”, 
Joum of Anthrop Inst vol 16, 1886, and “Family Likeness m Stature”, 
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scientific progress' By regression he meant the tendency of a 
son’s predicted height to be nearer the mean of males than the 
height of his father. Thus the son of a tall father would be 
expected to be shorter, and the son of a short father to be taUer. 
In each case the measure of regression gives the expected height 

By co-ielation was meant the relation between the heights of 
mid-parents and heights of sons, where mid-parent height is the 
mean height of father and mother. The terms regression and 
correlation contmue to be used, quite apart from problems of 
inhentance, in statistical work generally, although as Yule^ 
pomts out, the idea of a regression towards a more or less 
stationary mean is quite mapphcable when the variables are 
different in kmd. 

Karl Pearson contmued Galton’s work and, m a monumental 
senes of researches developed exact methods for regressional 
and correlational studies 

Charles Spearman, in addition to developing new methods, 
has by their use gone furthest towards setting quantitative 
psychology on firm foundations 

By the aid of such methods the computmg of the correlation 
coefficient becomes a simple matter, but it is not difficult to 
find cases of psychologists applymg the operation to unsuitable 
data, apparently without realising its limitations or ascertaining 
from a study of the regressions if the operation was justifiable 
In recent years the classic researches of R A. Fisher are provmg 
a potent aid to psychologists in many ways, especially his study 
of regression and his method of variance For example, a 
vocational counsellor may ascertain what reliance should be 
placed on the predicted score for the dependent vanate, such as 
musical aptitude, as deduced from the actual test score m terms 
of the mdependent vanate 

Example of Regression — A simple illustration of regression is 
Galton’s famous study of the heights of fathers and sons To 
simplify the treatment we may assume for our sample that 
(1) each father has only one son, so as to avoid tabulating the 
father’s height more than once, (2) the average stature is 68 m. 
for fathers and also for sons, a value which is sufficiently exact 
1 G. Udny Yule, Theory of Statielica, 1022, p. 177 
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for our purpose, and (3) the statures vary between 60 and 76m., 
neglecting the few cases outside these Iinuts so as to get a more 
compact diagram m illustration Now consider all fathers whose 
heights are between 60 and 61 mches and find the mean height 
of their sons and mark it with a cross m the diagram. Similarly 
for the sons of fathers whose heights are between 61 and 62 m. 
and so on. In this way a senes of crosses is obtamed. Next 
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consider aU sons whose heights are between 60 and 61 m and 
find the mean height of their fathers and mark it with a circle, 
and similarly the mean height of fathers whose sons are between 
61 and 62 in. and so on In the figure the senes of crosses and 
circles he on two straight hues, but m an actual sample of 
fathers and sons the crosses and hnes would only show a 
tendency to lie on straight lines In that case the regression Imes 
are the “hnes of best fit”. When the crosses or circles he close 
to such a hne it can easily be drawn but as they usually show 
a certain scatter there is need of some method to determme the 
equations of the best-fittmg hnes. In the above example, then. 
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the regression is said to be Unear. When the circles or crosses do 
not approximately fit such a Ime the regression is not hnear. 
Such cases are beyond the scope of this chapter. 

It 18 an easy exercise to consider what would have been the 
significance (1) were the two regression Imes comcident, or (2) if 
one were comcident with the OX-axis and the other with the 
OY-axis 

The equation of the first regression Ime through the crosses 
with reference to the axes through the means may be written 

where is the regression coefficient of y on x This equation 
IS only to be used m order to predict the probable deviation 
from the mean of the height of a son given that his father’s 
height IS X. 

Similarly the equation of the second regression Ime 

should only be used m order to predict the probable deviation 
from the mean of the height of a father given that his son’s 
height IS y and the regression coefficient of z on y is by. 

It IS easy to express the above equations to the regression 
lines m score form, bo that the predicted heights can be obtamed 
directly They are 

Y +6j.(z - z), where a -y, 

X = + by[y - y), where = z 

Thus in the above example the equations of the regression hnes 
Y=68+?(z-68), 

X=68+i(y-68), 
reducing to Y =34 + 


X=34+|. 
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But it IS important to realise that, m this example, we have 
made use of Galton’s data and therefore know that y = x = 68 in. 
approximately, and that 6 ,^= 6 ^ =0-5 approxunately. In actual 
research, however, the equation of the regression hne 

Y =fl + 6(x -x) 

has to be obtained from the data furnished by the sample, and 
thus the estimated values of a and b are subject to the errors 
of random sampling According to Fisher’s notation, if the true 
regression formula obtamed from an infimty of observations is 

Y = o+/ 8 (x-x), 

then the significance of the difference between a and any 
hypothetical value a can be obtamed from the t table by cal- 
culatmg 

^ Jg-aWni ^ 

s 

where is the number of values m the sample Similarly the 
significance of the difference between b and any hypothetical 
value jS IS obtamed by calculating 

t = ). ZLl — i L, n=w ^-2 

8 

For the best estimate of the value of < 7 *, where a- is the standard 
error of y for a given value of x, is given by 

and IS found by summing the squares of the deviations of y 
from its calculated value Y, and dividing by n' - 2 . (Proofs of 
these formulae are given in R A 'Emhej' 8 Stalwtical Methods for 
Research Workers, 1932, pp. 123-127 ) 

§ 9 THE MEASUREMENT OP CORRELATION 
Peakson’s Product-Moment Method — This method uses 
the actual marks or scores. Three cautions are necessary ( 1 ) It 
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would be futile to calculate a coefficient of correlation with only 
seven subjects, it is only done here as an illustration (2) In 
actual practice Pearson’s product-moment coefficient is calcu- 
lated by shorter methods such as the one shown later m this 
section when measurmg the relation between the sense of pitch 
and tonal memory (3) It is not to be assumed that the coeffi- 
cient here calculated represents the true value to be expected. 



are about 9-9 and 11 -4, but m calculating the deviations x and y 
from the averages it is quicker to regard the nearest whole 
numbers, namely, 10 and 11, as the averages The required 
coefficient of correlation is 


S(xy) 72_^ 

The probable error of r is given by 

,l^r» 
^/n 


PE =0-6745 


The error mtroduced by such approximation is small and, if 
necessary, the exact value of r may be found from the formula 
S(zy) - ne-fi^ 


_ 72-7(-i- 0 -1)-(- 0-4j^ 

“ V[99 - 7(0-l)*p9"- 7'(04)»] 


=0-73 as before. 
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S(a^) denotes the algebraic sum of the products of the devia- 
tions X and y S(i*) and S(y*) denote the sums of the squares 
of the X and y deviations respectively. Cj is the error in 
taking 10 instead of 9-9, and Cj the error m taking 11 
mstead of 11 4. 

Spearman’s Method op Ranks — ^In this method ‘ it is only 
necessary to know the rank order m each test D denotes the 
difference between each pupil’s ranks m the two tests, and 
p denotes the coefficient of correlation by this method. 





6 S(D*) 
■n(n*- 1) 


The probable error of p is given by 

PE 0-^063(1 -p«) 
y/n 

In practice the values obtamed by this method agree fairly 
closely with those given by the product-moment method. 
Tables are given m books on statistics for converting p into r, 
but the correction is so small m comparison with other 
possible errors that it may well be negelcted here. It is, of 
course, possible to obtam a correlation of unity by this method, 
although it would not exactly be unity by the product-moment 
method, e g. the best pupil might have a lead in anthmetic of 
twenty marks but m algebra of only one. Spearman, however, 
compared the two methods and shows that the method of 

‘ C Spearman, “The Proof and Meaeurement of Aasociation between Two 
Thmgs”, Amer Joum of Psychol , vol 15, 1904 
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ranks may possess certain advantages, the chief being the 
reduction of the “accidental error”. For errors m scoring the 
outlymg exceptional cases may have a serious effect when the 
product-moment method is used 
Spearman’s Foot-rule Method — This is a qmck method 
of finding an approximate value of the coefficient of correlation 
between two rank orders. 



If 6 is the gam in rank, the coefficient of correlation, R, 
furnished by this method is 


6S(G) 


A rough estimate of its probable error is 


PEj 


•43 

Vn 


The following abridged table, based on the formula 


f=2cos^(l-R)-l, 


is for the purpose of converting R values into r values. 
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Tablk foe Contebtino R ikto r 


0 06 0 10 
0 09 0 18 


0 16 0 20 026 
026 034 041 


030 
0 49 


036 
0 66 


0 40 0 45 0 60 
0 62 0 68 0-73 


0 96 1 00 
100 100 


Metbod of computing Corbelation from a Frequency 
Table — To simplify the anthmetic a small group of only 
30 girls will be selected for illustration. They were given Sea- 
shore’s Sense of Pitch and Tonal Memory Tests and the marks 
were distributed as in the table. Thus one girl had a mark 
between 90 and 100 in Pitch and between 40 and 60 m Tonal 
Memory 

Let be the frequency of a Pitch column, 

fy be the frequency of a Tonal Memory row, 

be the frequency of a cell common to such a column 
and row, 

and dy the deviations m class intervals from the 
assumed means for the two tests. 

It can be shown that the product-moment formula may be 
transformed to one contaimng the frequency notation, namely. 








In the present example it is easily seen that 

S/A=-10, 2/A=-19, 2/A* = 2(X); S/^>=221. 

The quantity result of multiplying each cell 

frequency by its and dy and then adding all the products 
formed. But it is qmcker to multiply the cell frequencies in a 
particular colmnn by the appropriate dy values, add the results 
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and multiply tins by the d, value of the column. Thus m the 
column 70^ the quantities to be added together are 6, 4 and 
0 Their sum is multiphed by the appropriate value, which is 
3. This column, therefore, contributes 27 towards the total 

VM- 

Skksk or Pitch 



§ 10. THE SIGNIFICANCE OF CORRELATION WITH SMALL 
SAMPLES 


With small samples of values the observed value of r may 
be very different from the true value, and consequently this 

1-r* 

would also be the case for the standard error , (or 


y/n^ - 1 


as it is sometimes expressed, cf. § 7). The significance 


of the result may therefore be deceptive. As most correlational 
researches m psychology mvolve small samples of about 60 
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values or less, it is essential for the research worker to become 
acquainted with the more accurate methods of estimatmg 
significance developed by R. A. Fisher Instead of applymg 
1 -r* 

the misleadmg standard error <r,= — > which would yield 

V - 1 


Fisher 1 takes the standard error as 


Vl-f* 

\/ni-2 


Vl -»■* n = ni -2 

, Vl 

\/n^-2 


On lookmg up the values of t and n m the t table the significance 
P may be determmed. 


§ 1 1 PARTIAL COREELATION 

In the above example it might be expected that the factor 
“g” would tend to produce correlation between the two tests 
A problem of partial correlation would be to find the correla- 
tion between the two variables, sense of pitch and toiuil 
memory, when the influence of the other variable “g” had been 
eliminated or when the influence of “g” had been held constant 
One method would be to use subjects possessmg an equal 
measure of “g” as determmed by a rehable test But the usual 
method is to give the same subjects a test of “g” and then 
employ the formula; 

rab-r„, 


which gives the correlation between two vanables a and h when 
the third variable c is held constant 
In the above example the correlation between the sense of 
* R A Fiaher, op at ^ 171. 
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pitch test and an mtelhgence test was found to be 0-4, and that 
between the tonal memory test and the mtelhgence test 0-3. As 
the observed correlation between the pitch and memory tests 
was 0*51, it follows that the partial correlation between sense 
of pitch and tonal memory when general mtelhgence is held 
constant is given by 


, . 0-51- (0-4 X 0-3) 

^ ^ 'ix/V'l -r»^ Vl -(0*Wl -(0-3)* 

§ 12. spearman’s CORRECTION OP A COEFFICIENT OF 
CORRELATION FOR ATTENUATION 
Let an attempt be made to compose two equivalent analogies 
tests O] and a^, and two equivalent absurdities tests b] and bj, 
and let a group of 50 eleven-year-old boys be given the tests Oj 
and bj on one day and Oj and b, on the next. Now if the reha- 
bihty coefiScients and are as high as 0 7 it may be 
concluded that the errors of measurement are not large enough 
to preclude the tests from further consideration It is now 
required to find the correlation between the analogies and 
absurdities tests 

or cannot be regarded as the true measure of this 
correlation, for each will be subject to “errors of observation” 
due to slight changes of procedure on the part of the expen- 
menter and fiuctuations m the behaviour of the subjects, and 
although these variations may not affect the average score in 
each test as they wdl tend to cancel each other, yet they will 
increase the standard deviations of the distributions and 
consequently decrease the coefficient of correlation 

If it be assumed that the errors in any two of the above tests 
are uncorrelated, and also that the errors in any test are un- 
correlated with the scores in any test, then the best available 
estimate of the correlation between the analogies and absurdities 
tests IS given by the formula 
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Another fonnnla which dispenses with the assumption that the 
errors in the two tests given on the same day are uncorrelated is 

/ • 

Even if only one form for each of the two tests is available, an 
approximate correction for attenuation may be obtamed from 
the foUowmg formula, provided the rehabihty coefficient of 
each test is known. 



§ 13 EFFECT OF LENGTHENING A TEST ON ITS RELIA- 
BILITY 

It 18 sometimes necessary to increase the rehabihty coefficient 
of a test by lengthemng it Thus if the apphcation of two 
eqmvalent forms of an Analogies Test yielded a rehabihty 
coefficient of 0-76, what would be its rehabihty if it were 
doubled or trebled m length* 

If we assume that the items added are similar m nature to 
the onginal the required rehabihties may be calculated by 
means of the Spearman-Brown Prophecy Formula, 

l-H(n-l)r 

where r is the original reliabihty coefficient. 

Thus substituting n = 2, R = -857 
and substituting n=3, R = ’90 

In practice, of course, there are several obvious reasons why a 
test cannot be lengthened mdefimtely 
The standard error of the above formula may be written^ 

"( 1+0 

rVN 

assuming r to be obtamed from the scores of N individuals. 

* E. A Cureton, “The Standard Error of the Spearman-Brown Formula 
. . Jawm of Edvc Restarch, vol. 24, April 1933 
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§ 14. INFLUENCE OF SELECTION OF CORRELATION 
Let fxt be the correlation between two variables and z, 
as determined from a large unselected group, and let ai be 
the variability of z^. Then if selected values of z^ are chosen 
so that the variabihty of z^ is reduced to Si, the resultmg cor- 
relation Ru will be given by the formula^ 



Thus suppose the correlation between an mteUigence test and 
a test in arithmetic for a large unselected group of boys aged 
eleven years be 0-6, and that all boys whose intelligence 
quotients are greater than 120 are selected from this group, 
hereby reducmg the variability m the intelligence test by 

60 per cent. Then, on substituting — =0-6 and rii«=0-6 m the 
ffi 

above formula, it can be seen that the resulting correlation 
between the two tests for the selected boys is reduced to 0*35. 

§ 16. ASSOCIATION AND CONTINGENCY 

Assoaatton. — Sometimes an attribute A is not quantitatively 
graded but is simply noted as being present or absent for each 
mdmdual m the group. This is called by logicians, division 
by dichotomy We may desire to know whether there is any 
sort of relationship between two such attributes A and B or 
whether they are quite unrelated. 



Typhoid 

Not Typhoid 

Total 

Inoculated . 

66» 

6,769" 

6,816 

1 Not Inoculated . 

279* 

11,396'* 

11,668 

{ Total . 

328 

18,166 

18,483 


1 K Pearson, “On the Inflnence of Natural Selection on the Vanabihty 
and Correlation of Organs”, Trans, of Roy. Soo. Senes A, voL 200, 1903. 
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Ytde’s Coefficient of Assoctaiton, Q, gives a rough indication 
of the degree of association where 
a is the number of cases in which both attributes are present, 
b the number in which the first attribute is present and the 
second absent, 

c the number in which the second is present and the first 
absent, 

d the number in which both attributes are absent. 


ad+bc 


The standard error of Q is 

1-Q« /l 1 1 1 


Even with attributes which are quantitatively graded, a 
measure of Q may be obtamed by notmg for each mdividual 
whether each attribute is above or below the average. In this 
way a rough estimate of the degree of correlation to be ex- 
pected may be obtamed, but Q yields unduly high values when 
compared with the product moment coefficient of correlation. 

Another measure which is preferable as it yields values more 
in accordance with the product moment coefficient is Yule’s 
coeffiicxent of coUtgatton, a. 

y/ ad -■\/ be 
■\/ad + '\/bc 

The standard error of «» is 

1-w* /I 1 1 1 

r'Vo'^6'^c'*'d' 


Contxngency — It is often necessary to test the agreement 
between observation and hyxwthesis. In the simplest case of 
a fourfold table, as in the above table which is taken from 
Greenwood and Yule’s data for 'Typhoid, the probability that 

a value will fall in the first column is and the prob- 

18,483 ^ 

ability that a value will fall in the first row is ■ If these 
^ IRS 
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two events were independent, the probability for their combined 

j ^ u vi*- 328x6816 

occurrence is the product of the two probabuities or ■ 

(18,483)* 

Out of the 18,483 values we should, therefore, expect 

OOD 

- to fall m the first quadrant The difference, 


(18,483)* 

— 18 a measure of the departure of the two 


attributes, moculation and attack of typhoid, from complete 
mdependence. Similarly for the other three quadrants. Now 

(f-f)* 

calculate for each quadrant, where / is the observed 

frequency, and /, the expected frequency on the hypothesis 
of independence The sum of these values is called the Ch% 
Sq)Mre Function or 

Smce ;^ = 66 234 it can be seen from Fisher’s Table ^ of 
that the observations are clearly opposed to the hypothesis of 
independence. In actual practice may, for fourfold tables, 
be obtamed directly from the formula 


2- + 

^ (a+6)(c+<i)(o+c)(6 + d)’ 


It IS instructive to study the significance of the values in 
the above table as detemuned by Q and o-q, by a and o-„, 
and by and Fisher’s Table 

Tests of goodness of fit, using the function, are somewhat 
beyond the scope of this book * 


§ 16 . THE TETRAD DIFFERENCE CBITERION 

Spearman applied tests of different mental abilities to a 
number of individuals and measured the inter-correlations He 
then made the momentous discovery that if any four of these 
tests be considered, their correlations tended towards a peculiar 

I R A. Fisher, op eit , p. 104. Approxiniate charts also appear m H 
Banister, EUmentary Appheatxana tjf Statultcal Method, 1020, p. 42, and in 
8. Dawson, Computation of Statutica, 1033, p. 116 

» R. A. Fisher, op. cU. Chapter 4. 
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arrangement which could be expressed in a defimte mathe- 
matical formula, namely: 

This is called the tetrad equation and the value of 
IS the tetrad difference.^ 

The next step was mathematical, namely, to demonstrate 
that whenever the tetrad equation holds, withm the limits of 
fluctuations of sampling, and only when it does so, then every 
mdividual measurement of each abihty will be divisible into 
two factors, namely, the general factor “g” and a speciflc 
factor “a”. The “g”, although varying freely from mdividual to 
mdividual, yet remains the same for any one mdividual in 
respect of all the correlated abdities. The “s” not only varies 
from mdmdual to mdividual but also for any one individual 
from each abihty to another 

The precise mathematical expression* of the divisibihty mto 
two factors is given by the equation 

”*o***Wy* + ’’<M*ax 

where »n„ is the measurement obtained for an mdividual x in 
the test of variable a, g',. is the individual’s amount of the “g” 
factor, and 8,^,, is his amount of the factor specific to the test 
of variable a. KeUey* has expressed Spearman’s proposition in 
the form Four variables may be thought of as due to one 
general factor plus four specific factors when 

EeUey has also mtroduced the following convenient nota- 
tion: 

^*84 *= 

^1418 “ *‘l4*’*3 “ ’■l»’’84 = 0* 

> C. Spearman, Tkt AM%t%es of Man, Appendix, p m, 1927 

• C. Spearman, dnd. p. xiv 

' T. L Kelley, Crosaroadt tn tAe Mind of Man, 1928, p 46 Cf also K J 
HoLunger, 8taX%d*eal Riswni of the Spearman Two-Faetor Theory, 1930, p 3 
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Of these three conditions only two are independent, since 

^ltS4 ^1$4M ^ 

It is obvious that the other three possible tetrads, namely, 
^iHs> <iin. are merely the first three with the signs 

reversed. When Spearman’s tetrad difierence criterion is 
applied m actual practice, it is of course never expected that a 
tetrad difierence should be exactly zero. WTiat is done is to 
compare its value with its standard error m order to see if its 
value IS significant. 

The standard error of may be written, if nis the number 
of cases in the sample 

+ *’*M + *^34 - 2(ri,ri,r,3 + »-m»-i*»-i« 

V ” 

+ + »'»s»'*4f34) + 4ri*ri,r„ra4}* 

Other formulae which may be apphed m suitable cases are 
given on pp. x, zi m the Appendix to The Abtltttes of Man 
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PSYCHOPHYSICAL METHODS 

It IB common knowledge that when a pound weight is held in 
the hand of a blindfolded person he might detect it to be 
lighter than another which weighed 18 ounces, although he 
would not be able to detect this addition of two ounces to a 
weight of ten pounds. Clearly then it is not the difference 
between the weights to be compared which is the crucial factor. 
What then can it be^ It is rather remarkable that it is only 
about a hundred years since the underlying principle was 
discovered 

weber’s law 

E. H Weber (1796-1878), professor of anatomy at Leipzig, 
found that a weight of 30 otmces could just barely be dis- 
tmguished as lighter than a weight of 31 ounces, but that a 
weight of 15 ounces could just barely be distmgmshed as 
hghter than a weight of 15^ ounces. From his experiments 
Weber concluded that the just noticeable difierence between 
two stimuh R and R + dR depends not on the actual difference 
but on the ratio of that difference to the magnitude of R In 
other words, Weber’s Law may be expressed by the equation 



where C is a constant. Obviously the law does not hold when 
the stimuh are very large or very small. For lifted weights the 

value of C is about for pressures i, and for estimating the 

lengths of lines by eye Weber’s Law holds approximately 

within wide limits throughout the whole held of sensations. An 
apparent exception is that a person who can just distinguish 
285 
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the tones of 200 and 200J vibrations from one another will ]nst 
be able to distinguish the tones of 400 and 400^. Why is this?^ 
Different interpretations have been given to the term “just 
noticeable difference’’ Some take it to mean a difference which 
m a long series of trials is as often noticeable as unnoticeable, 
that IS, m 50 per cent of the trials it would be noticeable. Others 
take it to be that which m a long senes of trials is judged 
correctly 76 per cent, for this hes half-way between 50 per cent 
correct which would result from mere chance, and 100 per cent 
correct which denotes certamty. Still others adopt 80 per cent 
correct In the followmg paragraphs the 60 per cent basis has 
been adopted except m the Method of Senal Groups. 

Within certam hrnits Weber’s Law holds not only for just 
noticeable but also for easily noticeable differences m stimulus 
magmtude Thus, with a light of 10 candle-power and another 
of 1000 candle-power, when S has to adjust a tlurd variable 
light so that the mtensity of its bnghtness appears midway 
between the two, the candle-power will approximate, not to 
505 but to 100 , 1 e. 10 : 100 . . 100 . 1000 

fbchnbr’s law 

G T Fechner (1801-1887), for some years professor of 
physics at Leipzig, may be regarded as the founder of psycho- 
physics In his Elemente der Paychophysik published m 1860 he 
attempted to develop a science of the functional relation 
between body and min d. Fechner made three assumptions 
which have been subjects of controversy ever smce Incidentally 
he had satisfied himself that Weber’s results were vahd between 
wide limits Fechner assumed (1) that a sensation is a measur- 
able magmtude, the sum of a certam number of sensation 
units, (2) that the just noticeable difference of sensation may 
be treated as the difference between two sensations, and (3) that 
all just noticeable differences of sensation are equal, from 
whatever part of the stimulus scale they may be taken 
By far the most comprehensive discussion of Fechner’s Law 
is to be found m Titchener’s classical treatise* which is essential 

‘ C S Myeis, Tex^xmk o/ Sxpenmenial Ptychoiogy, 1911, p 240 
' E B. 'Atoheiier, Experimental Psychology, yol. 2, Part 1, Introduction, 
and Tol 2, Part 2, Introduction, 1905 
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for all serious students of the topic It is true that in recent 
tunes Fechner’s Law is not so much a question of the day as it 
used to be. In the first place, this is due to the shift of attention 
from the more academical to the more practical problems of 
our science Yet there are signs now that such problems, not 
only m psychology but also in other sciences, may very profit- 
ably be studied in the hght of Fechner’s Law In the second 
place, it was apparently easy m the view of most psychologists 
to refute Fechner’s assumptions on introspective grounds At 
the same tune, the law itself as distinct from the assumptions 
on which it was based, does not fare at all badly at the bar of 
introspection Hence there arises a dilemma 

Wilham James’s weU-known criticism of the first assump- 
tion “To mtrospection, our feeling of pmk is surely not a 
portion of our feeling of scarlet” agrees well with the verdicts 
of Stumpf, Munsterberg, Ebbinghaus, Sully, Kulpe and many 
others * 

Myers, for example, cnticises the second assumption and 
holds that the just noticeable difference is an experience of 
difference and not a difference between two sensations. “The 
expenence that two stimuh are identical or different is as 
stnctly sut genens as the expenence of a stimulus itself 

The third assumption has bkewise given rise to endless argu- 
ments, but was admitted with reservations by no less an 
authonty than Titchener. It is beyond the scope of this book to 
discuss such cnticisms m detail or to consider how they affect 
the vahdity of Fechner’s Law. 

Many of the objections to the law may be avoided by sub- 
stitutmg for Fechner’s “sensation” the idea of “sense-dis- 
tance” which was mtroduced by Delboeuf* m 1873. Thus, given 
two grays, A and B, differmg m brightness, it is possible to find 
another, C, so that the mterval or sense-distance AC is equal to 
the sense-distance CB. In this way a senes of grays may be 
arranged in order of bnghtness and the stunulus-vadues corre- 
spondmg to each may be determined. 

‘ W James, Pnnctples, 1, p 646 

• E. B Titchener, Exp Psychei vol 2, Part 2, hi 

’ C S Myeie, Exp Psychol p 261. 

* J R. L Delboeuf, Etude psyehophysigue, 1873, Bevue phtioa., 1878 
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Critics of psychical measoiement sometimes make un- 
reasonable demands. As Ferguson^ has pomted out, there are 
many measurable physical magnitudes, such as temperature, 
which cannot be conceived as being built up of umts spatially 
juxtaposed Yet measurements of temperature are daily made. 

On these assumptions Fechner derived his Fundamental 
Formula 


-cf. 


where dS is the small increment of sensation due to the incre- 
ment of the stimulus R by dR On mtegratmg, 

S=clog, R-hC, 

where e is the base of natural logarithms, and C is a constant. 
If f IS the value of R for which the sensation is just below the 
threshold of consciousness, 

0«=clog,f-HC. 

R 

Hence S=clog, — . 

On changing to common logarithms, 

S=jfc log 

where it is a constant. This is Fechner’s Metnc Formula If r be 
made the umt of R in accordance with Fechner’s assumption 
S=jfelogR, 

which is the usual mathematical expression of Fechner’s Law. 

Fechner also played the chief part m devising the psycho- 
physical methods shortly to be described, a part which stamps 
him as a rare gemus But it is also well to emphasise that only 
a genius could have formulated the law which bears his name 
even if the insecure nature of his assumptions be admitted. It 
has given rise to controversies which have alretidy lasted over 

' A Ferguson, “Quantitative Estimates of Sensory Events”, Nature, 130, 
September 3, 1932. 
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seventy years, and although his law is not so prominent in 
modem psychology, yet the prmciple can be applied in practice 
over a wide range of experiences. 

The accompanying figure illustrates how a rough attempt 
may be made to ascertain the vabdity of Fechner’s Law, and 
mcidentally to make its meaning clear. 

Along the vertical axis, let ORj represent a weight of 100 
grams Along the horizontal axis, let OSj be any length to 
represent the strength or m- 
tensity of the sensation m lifting 
it Now slowly add fine sand to 
another 100 gram weight until 
the subject judges it to be just 
noticeably heavier Then, ac- 
cording to Fechner, we may take 
an arbitrary distance Sj S, to 
represent the umt of sensation, 
namely, the just noticeable dis- 
tance Let OR, represent this 
mcreased weight. This, in turn, 

IS taken as the standard, and 
the comparison weight is in- 
creased until it IS just noticeably 
heavier, say OR„ correspondmg 
to another unit of sensation S, S,. Similarly for OR,, etc. 
According to Fechner’s Law the resultmg points P,, P„ 
Pj, . . . should he on the curve S=i log R. 

Thus, if OR, = 100 grams and OR, = (100 + z) grams = 

100(1 + 2 ^) grams. Then, by Fechner’s Law, 

OR.- 100(1 + j^)* 

and OR, - 100(1 + j^)», etc. 

For example, if OR, is 110 grams, so that a: -10, then OR, 
should be about 121 grams, and OR, about 133 grams. 
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THE PSYCHOPHYSICAL METHODS 

Quantitative work in psychology often demands methods of 
measurement which were very largely developed by the genius 
of Fechner, namely, the psychophysical methods ^ They are: 
(1) The Method of Mean Error (2) The Method of Lunits. 
(3) The Constant Method. 

The Method of Mean Ebbob — A standard stimulus is 
presented and S adjusts a variable stimulus until it appears 
equal to the standard. Cattell and Fullerton® cnticised the 
method as the time taken by S to make the adjustment is not 
under control and, indeed, the degree of control must be con- 
sidered in assessing any psychophysical method The nature of 
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the possible errors may be understood by workmg out a 
numerical example. 

C IS the standard black line, 50 millimetres long, drawn on 
white celluloid and V is the variable Ime whose length may be 
altered by moving the frame Y by means of the knob K The gap 
between C and V is 20 millimetres Starting from a position 
where V is appreciably longer than C, S adjusts V until it 
appears equal to C. Then startmg from a position where V is 
appreciably shorter than C he adjusts it equal again. This 
procedure is repeated until ten adjustments are made. If they 
were 49, 48, 51, 48-5, 48, 50-5, 49-5, 48, 49, 48, the mean or 
= 49 Under these conditions, then, 49 millimetres is the 
most probable value of what S regards as the eqmvalent of C. 
It IS a value which tends to be free of accidental errors for these 
wiU in the long run cancel out, some bemg on the plus and 
some on the nunus side By summmg up the differences regard- 
less of sign between his estimates and his mean estimate we 

* The advanced student will find an exhaustive account of these methods in 
E B. Titchener’s Expertmentol PsycAohvy, vol 2, Part 2, chap 2, The Metric 
Methods 1006 

* G S Fullerton and J. M‘K. Cattell, On the Perception of Small Differ- 
eneee, 1892 
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know how accurately S performs the task These are. 0, 1, 2, 
0-6, 1, 1-6, 0-6, 1, 0, 1, so that the mean variable error or 
e^=0.85. 

Now the apparatus is inverted so that V is on the left If the 
corresponding adjustments are 62, 61*6, 49-6, 52, 62, 49-5, 50, 
60-6, 51-5, 52-6, then the mean estimate or r„^ = 51-2 and the 
mean variable error or = 1-06 

But even if accidental errors have been eliminated, the 
estimates will almost certainly be afiected by constant errors 
In the first case, the crude constarU error or =f„ - 60 = - 1. 
In the second case, the crude constarU error or Cg = - 50 = 1 -2. 
It is usual to regard the error as positive or negative according 
as the mean estimate is greater or less than the standard. 

Now a part of this error is due to the spatial position of the 
two stimuli and is called the space error q, and it was in order 
to eliminate this part that the experiment was repeated with 
the standard on the right But if q was the only error to be 

considered, should be 60 As this is not the case, the 

constant errors must have a second component s which remains 
unchanged throughout both procedures, that is: 

Ci=~q+s f„-60=-j+« 

Ct=+q + 8 r^-60= +q + 8. 


Smce Cj = - 1 and c, ■= 1*2 therefore q = !•! and s =0 1. 

Such an experiment would only serve for preliminary 
practice. 20 further adjustments with Y on the left followed by 
20 with V on the right should be taken. When this has been 
repeated on another day it can be ascertamed whether the 
assumption of a constant error is justified and not due to 
chance owing to the number of adjustments being too small. 

If justified. Cl will have the same sign each day. Similarly 


0-8463 

for Cj. Further, the probable error of the average r„ is — -e^ 

yn 

(cf. Chapter 23),^ and if the error is considerably larger than 
this, it may be taken to represent a true constant error. 


For standard error = 1-2533 x mean error 

and probable error =0 6746 x standard error 
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Thb Method op Limits. — The method can be employed to 
determine either the absolute threshold or the differential 
threshold. An example of the first would be to determme the 
smallest intensity of a stimulus to produce a sensation. An 
example of the second would be to find the smallest difference 
in intensity between two stimuli which can be apprehended. 
Two examples are worked out as illustrations: 

(o) The AbsoliUe Threshold for Colour Saturation — The figure 
refers to the experiment descnbed m Chapter 13, Section 1. 
The two mterlocking discs are red, and gray of an equal bright- 
ness. The problem is to find how much red 
must be exposed before S can detect it As 
j' ^\b ^ sector IS decreased, the red colour 

/ becomes less and less saturated and it be- 

1 QUAY I comesmcreasmgly difficult to judge whether 

\ ® y there is a trace of red present. At some stage 

\ y ^ fiiace of it. E starts from a 

^ ^ y point, say 11®, where S defimtely reports 

Pio. 35. “red” and exhibits m succession 10°, 9°, 
8®, . . of red and m each case S says either 
“yes” if he can see a trace of red, or “no” if he cannot, or 
“undecided” if he cannot come to a decision Then E repeats 
the procedure but proceedmg m the opposite direction from a 
pomt where S defimtely answers “no”, say 3®. 

3° 4° I 5® 6® 7® 8° j 9° 10® 11® 

N N'I'U N Y U'^Y Y Y-<- 

-►N N N|U U Y U|Y Y 

The upper threshold or the pomt where the region of uncer- 
a+c 8’6°-i-9 6® 

tainty may be said to begin is or or 9°. Similarly 

the lower threshold is or 6®. The average threshold might 
9® +6® 

then be regarded as — ^ or 7°. The whole procedure must be 

repeated several times and the averages considered. If S gives 
no “undecided” answers the procedure is obviously simplified. 
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(b) The DtffererUxal Threshold for Lifted Weights. — ^The stand- 
ard weight C of 100 grams is placed to the right of the weight 
114 grams. S lifts the standard and then lifts the other m the 
same way and judges whether it is heavier, lighter or indis- 
tinguishable in weight from the standard. S always judges m 
terms of the weight lifted second. Similarly 112 grams, 110 
grains, etc are compared with the standard until S cannot 
distinguish between them. Then E starts with a weight equal 
to the standard and mcreases the variable until S consistently 
answers “heavier”. 

86 88 90 92 94 96 98 100 102 104 106 108 110 112 114 
U f a ^ 

U tt « « h 

u u u u 

109 + 107 

Thus T«i, the upper threshold, is ^ grams or 108 grams. 

89 + 91 

Similarly, Tlj, the lower threshold, is — ^ — grams or 90 grams. 

The above procedure should be repeated at least ten times. 
Now the value of the threshold depends on the temporal and 
spatial arrangement of the standard and variable weights. The 
time error Cj is positive or negative according as the effect of 
the time order is to mcrease or diminish the apparent value of 
the first-presented stimulus. The space error c, is positive or 
negative according as the effect of ^e space order is to mcrease 
or diminish the apparent value of the left-hand stimulus.^ The 
more advanced student may therefore arrange the experiment 
as follows. 

I. Standard presented first and to the right. 

II. „ „ second „ „ 

III. „ „ first „ left. 

IV. „ „ second „ „ 

From the resulting equations the time error and the space error 
may be calculated.*. 

* W Brown and O. H. Thomson, The Ssgenttals of Mental Measurement, 
1921, p 49. * Ibid. 
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The Method op SebialGbodps. — As the vanable is changed 
progressively m the method of limits it is not surprising that 
S’s judgment is influenced by expectation. If attempts are 
made to ehmmate this by the interpolation of “catch” stimuh 
in an irregular manner there is an uncertam disturbmg efiect 
on S, but there is one modification of the method of limits, 
namely, the method of serial groups, where the “catch” stimuh 
are systematically interpolated. It was developed mdepend- 
ently by McDougalP and by Stratton,* and the method will 
now be iDustrated with reference to: 

The Absolute Spatial Threshold — S rests his arm on the table 
with the palm downwards. An ink-dot is placed on the arm about 
4 in. above the wnst. E places the two points of an aesthesio- 
meter, with equal and constant pressure, lengthwise of the arm 
on either side of the ink-dot. S, with closed eyes, judges whether 
he is touched by two pomts or one. After preliminary explora- 
tion with the pomts set at various distances, suppose it is 
found that S bwomes certam m his judgments that there are 
two touches when the points are 60 millimetres apart Then the 
distance is reduced by 5 nuUimetres and S is now stimulated 
twenty times either by the one point C, applied near one or 
other of the two spots to which the two points are applied, or 
else simultaneously by the two pomts A and B If he correctly 
judges each of the ten two-pomts stimulations, the distance 
between the pomts is further reduced by 5 miUunetres, and so 
on until S fails to get eight out of the ten correct It is arbitrary 
to use the 80 per cent point rather than the 50 per cent point 
but it has the advantage of qmckness m practice The threshold 
IS taken to be the point where 80 per cent of the judgments are 
correct. If this were 30 millimetres it is expedient to write the 
judgments for two-pomt stimulation on the top Ime and those 
for one-pomt underneath: 


lOmm. 


T, U, T, T, 0 „ 

Tx, 

Tx 3 

Tx, Tx, 


O3 

O4 Uj 0 , Ojo Oi4 

O16 

0„ 

Ox, 0„ 


* Rep Csmbndge Anthrop Expedition to Torres Straits II , 1903, p 190. 

* O M Stratton, “The Method of Serial Groupa”, Psychol Rev vol 9, 
1902, p 444. 
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The spatial threshold^ varies widely according to the region 
tested Approximate values are as follows: tip of tongue 1 Tnm , 
tip of finger 2 mm., back of hand 30 mm , spine 54 mm. 

The Differential Threshold for Lifted Weights may also be 
found by the method of serial groups. Thus if preliminary 
testing made it expedient to start with the comparison of 112 
grams with the standard of 100 grams, then ten such com- 
parisons would be mterspersed with comparisons of 100 grams 
with another 100 grams. This procedure would be repeated with 
a comparison of 110 grams and so on until the threshold was 
found. 

The Constant Method. — ^This is also known as the method 
of “right and wrong cases”. It is the most exact of the psycho- 
physical methods and like the method of limits it can be 
employed for determining either an absolute or differential 
threshold By preliminary expenments the different values of 
the variable stimulus to be employed are fixed at the start, and 
are presented to S a large number of times in irregular order, 
or m a prearranged order which is unknown to S The range of 
stimuh presented must be great enough to ensure that S’s 
judgments are always the same for the smallest stimulus pre- 
sented, and likewise for the biggest. The method is best illus- 
trated by application to actual examples; 

(1) The Absolute Threshold for Colour Saturation (cf. Chapter 
13) — The order of presentation of the stimuli will be clear 
from an inspection of the table. It is further obvious that the 
threshold lies between 4° and 5°. But it may be worth while to 
show how a more exact value may be obtamed by means of 
Spearman’s formula^ 

1 it,a 

L = 2(D.,.-hD,)-^, 

where L is the threshold, D,+i the smallest stimulus which 
yields no “gray” judgment, » is the mterval between the stimuh 
(here 1°), g is the number of “red” judgments for all stimuli 
» Cf G M. Whipple, op. eii vol 1. pp. 243-261 

’ C. Speannan, “The Method of ‘Bight’ and ‘Wrong’ Cases (‘Constant 
Stimuli’) without Gauss’s Formulae”, Bnt, Joum. of Psydiot. vol. 2, 1908, 
p 235. 
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smaller than and n is the number of judgments for each 
stimulus (here 10): 



The table is completed m rows accordmg to the order shown. 
Thus 2® of red is first shown, then 5°, 3°, 6°, 4° 

A measure of the average deviation may be obtamed by 
considering the 30 judgments under 3®, 4° and 5° which cover 
the region of uncertamty, and regarding a “red” judgment 
smaller than the threshold as an “error”, and a “gray” judg- 
ment larger than the threshold also an “error”, then 

30AD. = 1 xl-7° + lxO-7®+4xO-3° 

AD. =0-12° 

It will be noticed that “undecided” answers were not given in 
this example, but the constant method will now be illustrated 
in the case of an example where “equal” or “undecided” 
answers are obtamed. 

(2) The Differential Thresholds (Example Lifted Weights). — 
Assuming that the range of the variable extends from 110 to 
88 grams and that each variable has been compared with the 
standard of 100 grams ten times, let the judgments be distri- 
buted as in the following table. 
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Thus the weight 98 grams has been judged heavier once, hghter 
6 tunes, and undecided 4 times. Therefore + The 

upper threshold or limen may be found by the use of Spear- 
man’s formula 

1 2(9 +9 +7 + 6 - 1 - 6 -hi) „ 

= 2(110 + 108 ) jo = 101-6 grams 


Similarly the lower threshold or is 

1 ill 

Ljo = 2(1+ iD + jD) — 

1.00 2(9+8+8 + 7+6 + l+l) 

=2(88+90) + -^^ io 


: 96-8 grams. 


Very similar is the procedure when using Wirth’s formula^ 

L„,=X„-»(S^„-^) 

= no - 2(4-7 - 0-5) = 101-6 grams. 

= 88 + 2(4-9 - 0-6) = 96-8 grams. 

* W. Wirth, 8pez%dle psyekophj/nteke Maasmethoden, 1927. 




THEORY AND PRACTICE OP PSYCHOLOGY 


Thus the average difierential threshold or DL is given by 

DL=^(L„,-LJ=i{101-6-96-8) = 2-4 grains 

-Lj, is Midler’s measure* of the “ideal region of M-judg- 
ilu 

ments’’ and is equal to — . 

The subjective equivalent of the standard weight of 100 
grains is 

E=^(Ii,j,+LJ =^(101-6 + 96-8) = 99-2 grams. 

Wirth’s formulae for the probable errors of the above measures 


PE^,=0.675;^V%J1-17*). 

PEu,-0.675;^V21*(1-U. 

PEdi,=0-675^V2«J1-«J, 

PEb = 0-676^Vi[(<7» +IJ - (9,. - lj*l 
= 101-6 ±0*676;^^ 

Lto = 96-8 ±0-675 
DL= 2-4 ±0-675 


E - 99-2 ±0-675 V2-34. 


(3) The Differential Threshold when the steps are unequal 
(Example: Lifted Weights). — ^This method also was devised by 

* G. E. Mikller, Die OeMcMtspunUe vnd dte Taitaditn der ptyehophyriteheH 
JUetkodth, 1901, p. 148. 
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Spearman ^ Here only the appro 2 dmate form of the method is 
given. For the more exact procedure Professor Spearman’s 
paper should be consulted. 

Let the standard weight S be 100 grams and the comparative 
weight C vary by unequal steps from 82 to 118 grams. Let 
C - S =■ D and the distribution of judgments be as m the table: 


c 

I) 

T1 


{ 


i' 

e 

71 


ep 

cq 











+ - 

+ - 

82 

-18 

0 

0 

10 

0 

10 






86 

- 14 

0 

1 

9 

4 

»4 

-16 

0 

1 


-16 

89 

-11 

1 

1 

8 

H 

84 

-12* 

1 


-12* 

-124 

91 

- 9 

1 

2 

7 

2 

8 

-10 

0 

1 

0 

-10 

96 

- 4 

2 

4 

4 

4 

6 

- 6* 

1 

3 

-64 

-194 

100 

0 

6 

3 

2 

6* 

34 

- 2 

3 

2 

-6 

-4 

103 

+ 3 

6 

2 

2 

7 

3 

- 14 

1 

0 

14 

0 

107 

+ 7 

7 

2 

1 

8 

2 

- 6 

1 

1 

6 

5 

no 

+ 10 

8 

1 

1 

84 

14 

- 84 

1 

0 

84 

0 

114 

+ 14 

9 

1 

0 

9i 

4 

-12 

1 

1 

12 

12 

118 

+ 18 

10 

0 

0 

10 

0 

-16 

1 

0 

16 

0 











+ 18 

-46 


Now the upper threshold may be regarded as corresponding to 
the exact value of D at which the subject should just balance 
between judging C to be equal to or greater than S. Thus when 
D IS + 7, 70 per cent of the thresholds were less than + 7, and 
when D IS +10, 80 per cent were less than +10. Therefore 
10 per cent must occur between +7 and + 10. The column 
headed p thus gives the percentage of thresholds between 
successive linuts. In the same way q is the corresponding per- 
centage for the lower threshold. The c column gives the middle 
value between two successive Ds. Hence 

T ^ 18 

Scg -46 

Lto - ^ 4-6 grams, 

‘ C. Spearman, “The Method of ‘Right’ and ‘Wrong’ Cases (‘Constant 
Stimnb’) without Oaum’s Formnlae’’, Bnt. Joum of PsyeM. voL 2, 1908. 
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L ,^+L^, 1-8+4-5 

DL = — — — 2 — =3*16 grams, 

E = 101-8 - 3-16 = 95-5 + 3-16 - 98-65 grams. 


This result may be checked by calculating , where 

and are obtained from the and P columns. 
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Differential threshold, 144, 146, 148, 
291, 203, 294 ff. 

Disciplinary value, 134 
Discnnunation of wool fabncs, 42 
Discriminative reaction, 126 
Distnbution of mteUigence, 96 
Drill value of number games, 139 
Drugs, 206 

Eduction of correlates, 6, 88 
Eduction of relations, 6, 88 
“eee” test, 102, 196 
Effect, law of, 70 
Eidetic imagery, 61, 63 
Emotion, 237 

English compositions. Chapter 20 
English- Arabic test, 47 
'Rng1iab - Hi TiH Tiafa.ni test, 47 
Engrams, 61 
Eqmvalent groups, 136 
Ergograph, 204 
Error, 13, 260, 289 
Evidence of guilt, 236 
Evidence, relation of, 70, 82 
Expenence, 3, 4, 17 
Expression, method of, 163 

Factors, general, 80, 281; group, 
80-83, specific, 80, 281 
Faculties, 48, 82 

Fatigue, Chapter 10; general and 
Biwcific, 204; objective and sub- 
jecUve, 204, 210; transfer, 204, 
theones of, 211 
Fidehty of report, 66 


Figure spotting test, 131 
Films, 31, 36 
Five finger teat, 174 
Fluency, Chapter 10; m eduction, 
114, m reproduction, 116; m 
imagination, 115 
Foot-rule method, 272 
Forgetting, 66 
Form bot^ 36 ff. 

Formal training, 141 
FormaJ sense training, 141 
Formation of habits, 132 
Free association, 116, 118, 126 
Frequency curve, 11 
Frequency distribution, 10, 256 
Frequency polygon, 10 
Fuel consumption theory, 211 
Functional nruty, 61 

O factor. Chapter 8 
Q-saturation, 84 
Games, 139 

General factor, 80, 81, 281 
General impression method, 221 
Generalisation of expenence, 136 
Gestalt school, 7, 18, 249 
Group factor, 80-83 
Group oral tests of mtelhgence, 
166 

Habit, 62-64, 132 
Histogram, 10 
Horme, 49 
Humour, 104 

Identity, relation of, 79 
lUnsions, Chapter 22 
HlnsionB of area, 247, circle and 
square, 261, direction, 260; length, 
247, material weight, 248, Miiller- 
Lyer, 242, 247 ; progressive weights, 
243, 248, reversible figure smd 
ground, 247, reversible perspect- 
ive, 246, size-weight, 243, 248 
Image formation method, 66 
Imagery, 31, Chapter 6, and hterary 
appreciation, 66 
Impression, method of, 163 
Impression method of marking, 221 
Individual differences, 9, 15, 17, 168 
Individual reactions, 126 
Inertia, 193, 194 
Inhentanoe, 09, 147 
Inhibition theory of fatigue, 211 
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Ink blots test, 116 
InteUiganoe tests, 94, and qniokness, 
02, 114, and retentivity, 60 
Intensity test, 174 
International tests, 94 
IntedTOgatory method, 66 
IntemewB, 224 
Introspection, 6-8, 17, 147 
Intuition, 3 
IT test, 190, 196 

Jokes, 100 

Judgment m art. Chapter 14 
Just noticeable difference, 283 

Kymograph, 173, 181 

Law, association, 33, conative con- 
trol, 33, 160, constant output, 32, 
160, dispositions, 33, effect, 70; 
energy, 33, 160; fati^e, 33, 164, 
202, Fechner, 284-287, inertia, 33, 
194, primordial potency, 33, 161, 
retentivity, 32, 60, 160, use, 71, 
Weber, 146, 160, 283 
Learning curve, 132 
Letters of appbcation, 224 
Light adaptation, 16, 148 
Likeness, relation of, 79 
Limiting method, 290 
Loss of sleep, 206 

Mams, 117, 199 
Manual dexterity, 188 
Marking, Chapter 20; of compositions, 
213, 217 fi, errors in, 219, of 
geometry papers, 217, of per- 
severation tests, 195 
Material-weight illusion, 248 
Mathematical ahihty, 28 
Mean, 12, 266, 262 
Mean error, method of, 288 
Meohsmcal aids in education, 31 
Meohsmcal aptitude. Chapter 17 
Median, 12, 266 
Melancholia, 117, 199 
Melodic rhythm test, 170 
Memory, Chapter 6, analysis of, 
47 ff, recall, 43, 52, recogmtion, 
44, 62, for pictures, 46, for prose 
passages, 64, for symbols, 46, 64, 
for stones, 44, for words, 47, 64, 
methods, 64; m music, 164, 166 
Mentally defective ohildren, 88 


I Method, of choice, 163, of complete 
mast^, 64, constant, 242, 293- 
I 297, of equivalent groups, 136, 
of expression, 166, 167, of im- 
pression, 163; of hmits, 290; of 
mean error, 288, memoiy span, 
66, narrative, 66, oral instruction, 
179; of paired comparison, 160, 
164; of prompting, 66, psycho- 
physical, Chapter 24, of ranks, 
271, of recogmtion, 56, of re- 
constniotion, 66, of report, 66, of 
retamed members, 66, of nght 
associates, 66, of right and wrong 
cases, 160, 293 ff , saving, 66, self 
rivaliy, 179, senal groups, 292, 
serial judgment, 153, of traming 
regularity m time and mtensity, 
178 

Minimum pressure test, 176 
Mirror image test, 102, 196, 167 
Mirror wntmg, 68 
Mode, 12, 266 
Modified code test, 46 
Moral charaotenstics, 186, 226 
Motibty, 183 

Motor rhythm test, 176, 181 
Motor vsnabibty, 179 
Muscular reaction, 122, 126 
Music, psychological tests in. Chap- 
ter 16 

Musical talent, 169 
Musicahty, 170 

Narrative method, 66 
Natural reaction, 122 
Noegenetic pnnoiplee, 4 
Noetic variability, 179 
Nonsense syllables, 48 
Non-verbal symbohc memory, 83 
Non-verbal tests, 41, 04-96 
Normal prohabihty curve, 11 
Nouns test, 116 
Nnmber games, 139 
Nyctopsis, 16, 148 

Objective aspect, 162 
Objective fatigue, 204, 210 
Objectivity, 86 

Occupation and mtelligenoe, 90 
Oral instruction meth^, 179 
OsoiUation, Chapter 19 

Paired oompanson method, 161, 164 
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Partial correlation, 27S 
Perception of forms, Chapter 4 
Perception cd speech sounds. Chap- 
ter 2 

Perception of visual patterns, Chap- 

Percentile curve, 14 
Percentile rank, 15 
Perceptual teats of intelligence, 94 
Perfcrmance tests of inteUigence, 39 
Peraeveration, Chapter 18, and age, 
196, and character, 200; and 
criteria, 198, and mtoUigence, 197, 
and psychiatry, 203, and race, 
197 

Phonograph-chronograph, 170 
Photographs, 224 
Phrase test, 171 
Phrasing, 181 

PhyaicaUy defective children, 88 
Physiological aspect, 162 
I’ltch test, 163, 169 
Picture completion test, 116 
Plateaux, 132 
Practical abibty, 182 
Practical value of mtelhgence tests, 
89 

Thractice, Chapter 19 
Practice in reaction, 124 
Ihedicticns tost, 116 
Prmciples in psychology, 4, 32 
Probable error, 13 
l*rodaot-moment method, 269 
Progressive weights illusion, 243, 
248 

Prompting method, 65 
Psi factor. Chapter 18 
Psychogalvanic reflex, 233 ff 
Psychological relations, 79, 82 
Psychophysical methods. Chapter 
24 

Puns, 106 

Pure memory, 52, 54 

Quality tost, 171 
Qmchness, 92, 113 fi 

Bange of individual differences, 16 
Banks, method of, 271 
Bating of traits, 222 
Bating scales, 226 

Beaction, muscular, 122, 125, 

natural, 122, sensorial, 126, 

word, 119 ff, 236 


Beaction time and Spearman’s 
pnnciplee, 126 
BecaU, 23, 43, 52 
Becess period, 74 
Beoogmtion, 44, 52 
Beoogmtive reaction, 125 
Reconstruction method, 56 
Itegression, 265 ff 

Regularity in mtensity and time, 
173-178 
Relations. 79 
Relative hearing test, 170 
Behabihty, 269 ff , 277 
Reliability coefficient, 86, 277 
Reliability of examinations, 227 
Remembenng, 60 
Representative values, 254 
Boproduction, speed m, associative, 
127 

Beproduction after repetition, 46, 52 
Reproduction of umque experiences, 
44,62 

Retentivity, 32. 50-52, 160, and 
“g”. 60, law of, 32, 60-52, 160 
Beverse stroke test, 190, 195 
Bbythm, nature of, 180 
Bhythm tests. Chapter 16 
Rotating disc test, 193, 199 

Saturation of colonr, 143 
Saving method, 65 
Scale of wit, Clmpter 9 
Scale, ratmg, 226 
Scholastic record, 227 
Secondary function, 193 
Selection, influence of, 278 
Selection of appUcants, 223 
Selection of tests, 83 
Self rivalry method, 179 
Sensitivity, Chapter 13 
Sensorial reaction, 122, 125 
Sensory after-imagee, 68 
Sensory perception, 22, 27 
Serial groups method, 292 
Serial judgment method, 153 
Signatures test, 191, 195, 197 
Silent reading, 139 
Simple reaction, 121, 124 
Size of family and mtelhgence, 90 
Size-weight illusion, 243, 248 
Skewed curve, 13 
Skewness, 13 
Sleep, loss of, 206 
Social status and mtelhgence, 90 
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Space lelation, 70 

Spatial oTcrlappmg test, 06 
Specific factor, 80, 281 
Speed m asaociative reproduction, 
127 

Speed of adaptation, 16, 148 
Speed of reading, 16, 140 
Speed of writing, 16, 107 
Spontaneous memory image, 58, 62 
Spot pattern test, 20 
Spurts, 203 

Standard deviation, 12, 257 ff 
Statistical methods. Chapter 23 
Statistics, 253, of sm^ samples, 
262 S 
Stature, 0 

Subjective fatigue, 204, 210 
Substance memory for prose, 64 
Suppressed ideas. Chapter 21 
Symbol digit test, 45, 54 
Symmetry, 25, 28 
Synaptic resistance, 72 

Taohistoeoope, 32 

Tactual perception of forms. Chapter 
4 

Tactual stimulus, 126 
Tambour, 173 
Terms, 1 

Testimonials, 226 
Tetanoid traits, 62, 64 
Tetrad cntenon, 8% 06, 166, 281 
Threshold, absolute, 143, 146, 288 
ff , differential, 144, 148, 291 ff 
Thre^old and age, 146, and m- 
hentanoe, 147 

Time of free action, 176, of regu- 
lated action, 176 
Time relation, 79 
Tune tests, 163, 173 
Tonal memory test, 164 
Toxm theory of fatigue, 211 
l^ts, nteasurable, 222 


Transfer of fatigue, 204 
Transfer of learning, 132 ff. 
Translation test, 128 
Trial and error learning. Chapter 7 
Thangles test, 107 
Trochee rhythm test, 174 
Two-Pactor theory, 39, 81, 136, 281 
Types, 63, 124, 163 
Tyiwlogioal method, 64 

Unfinished stones, 116 
Use, law of, 71 
Utilitarian value, 134 

Validity of a test, 86 
Validity of the Bmet-Simon Scale, 
87 

Values, representative, 264 
Variance, 228 

Vanations, accidental and regular, 
86, diurnal, 209 
Verbal ability, 94 
Verbal memory, 83 
Verbal report, 7 
Verbalist, 40 
Vernier chronoscope, 122 
Visual imagery, 62, 83 
Visual memory, 83 
Visual method and intensity, 178 
Visual method and time, 178 
Visual stimulus, 126 
Voluntary memory image, 69, 62 

"W”. 200 
Warming up, 203 
Weighting of a test, 84 
West Biding tests of mental abihty, 
77 

Will-acts, 237 
“WiU” factor, 200 
Wit, Chapter 0 
Words, 1 

Work curve, 203, 207 
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